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Abstract: 
Background: Acute uncomplicated appendicitis in children remains a diagnostic challenge due to overlapping 
symptoms with other abdominal conditions. Early and accurate diagnosis is crucial to prevent complications and 
avoid unnecessary surgeries. Calprotectin and Lactoferrin, inflammatory biomarkers released by activated 
neutrophils, have shown promise in detecting infections and inflammation. This study aims to evaluate the levels 
of Calprotectin and Lactoferrin in children presenting with suspected appendicitis to assess their utility as early, 
non-invasive markers for diagnosing acute uncomplicated appendicitis. 
Methods: Children aged 5 to 15 years presenting with right lower quadrant abdominal pain and clinical suspicion 
of acute appendicitis were considered for inclusion. After clinical, laboratory, and radiological evaluation, patients 
were categorized as having acute uncomplicated appendicitis, complicated appendicitis (perforated/gangrenous), 
or non-appendicitis abdominal pain. Serum calprotectin and lactoferrin levels were measured using commercially 
available quantitative enzyme-linked immunosorbent assay (ELISA) kits according to the manufacturer’s 
instructions. All samples were analyzed in duplicate to ensure accuracy. Laboratory personnel were blinded to the 
clinical diagnosis to minimize bias. 
Results: The study included 40 children with acute uncomplicated appendicitis and 40 healthy controls. Age 
distribution was comparable, with no significant differences. Abdominal pain was the most consistent symptom 
(100%), followed by diarrhea (60%) and vomiting (50%). Mean Calprotectin and Lactoferrin levels were 
significantly elevated in cases compared to controls (19.55 ng/ml vs 10.28 ng/ml and 12.27 ng/ml vs 2.19 ng/ml, 
respectively). A weak positive correlation existed between the two markers. Calprotectin levels varied with 
symptoms, while Lactoferrin levels remained consistent, highlighting their potential in early diagnosis. 
Conclusion: Our study highlights the potential utility of Calprotectin and Lactoferrin as early diagnostic 
biomarkers for acute uncomplicated appendicitis in children. Significantly elevated levels of both markers in cases 
compared to controls suggest their diagnostic relevance. Calprotectin showed a variable association with specific 
symptoms, while Lactoferrin levels remained consistently elevated, indicating its stability as a marker. 
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Introduction

Acute appendicitis represents the most frequent 
surgical emergency in children while causing many 
instances of pediatric abdominal pain. Early 
diagnosis remains crucial to block potential 
complications resulting from appendiceal 
perforation and subsequent development of 
peritonitis because these conditions lead to higher 
medical risks and more extended hospital stays [1]. 
In children, acute appendicitis shows infrequent 
presentations that lack specific characteristics thus 
creating challenges in diagnosis. The current 
implementation of ultrasonography and computed 
tomography (CT) imaging techniques has yielded 
minimal improvement in the rates of harmful 

appendectomy procedures which amount to between 
5% and 25% and perforation cases which occur in 
10% to 45% of patients [2]. The figures demonstrate 
that healthcare providers continue to experience 
difficulties when aiming to diagnose acute 
uncomplicated appendicitis early during its initial 
phases within pediatric patients. 

Subjective findings within the Alvarado and 
Pediatric Appendicitis Score (PAS) along with their 
clinical scoring systems limit healthcare decisions 
by clinicians [3]. The diagnostic application of CT 
in children faces restriction because clinicians 
maintain concerns regarding possible radiation-
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related dangers [4]. Current research aims to 
establish dependable non-invasive economical 
biomarkers because they would support present 
diagnostic procedures by boosting precision and 
cutting surgical operation rates. The discovery of 
diagnostic relevance inflammatory proteins in 
appendicitis resulted from recent molecular 
diagnostic and proteomic advancements. The two 
promising candidates for diagnostics among several 
inflammatory proteins include Calprotectin and 
Lactoferrin [5]. Calprotectin functions as an 
inflammatory protein that exists as the calcium- and 
zinc-binding protein complex S100A8/S100A9 
primarily within neutrophil cytosol and additionally 
exists to a lesser extent in monocytes and reactive 
macrophages [6]. The protein gets released into the 
surrounding environment when neutrophils 
experience inflammatory processes or become 
activated or perish from cell death therefore it 
functions as a marker to detect neutrophil operation. 
Medical professionals frequently use fecal 
calprotectin measurements to track intestinal 
inflammation in patients with inflammatory bowel 
disease (IBD) because elevated levels of this protein 
are routinely detected in numerous inflammatory 
conditions [7]. The immune response of neutrophils 
drives inflammation which makes calprotectin 
function as an early membrane marker for 
appendiceal inflammation although imaging 
techniques show no gross changes. 

Lactoferrin, another neutrophil-derived 
glycoprotein, exhibits similar behavior as a marker 
of immune response. Active neutrophil cells 
produce this glycoprotein which displays 
antimicrobial and anti-inflammatory functions [8]. 
Researchers examined Lactoferrin concentrations in 
fecal and serum samples to detect gastrointestinal 
inflammation because it increases during various 
infection settings and inflammatory clinical 
scenarios. The activation process and degranulation 
functions of neutrophils make ferriitin suitable for 
monitoring localized inflammation which occurs 
during early stages of appendicitis. The diagnostic 
value of calprotectin and lactoferrin as markers 
arises from early inflammatory reactions along with 
non-invasive measurement methods and their 
detection in serum and urinary samples [9, 10]. 
Laboratory tests using serum calprotectin show 
appropriate test quality for detecting acute 
appendicitis in adult patients. Research has 
established that urinary lactoferrin acts as a 
detection indicator of inflamed appendices. The 
available data about these markers in pediatric 
populations needs significant expansion because 
researchers lack sufficient information to 
differentiate simple early infections from more 
severe ones [11]. 

The need for pediatric-specific diagnosis studies 
about these biomarkers becomes critical for 

achieving accurate and timely diagnosis which 
prevents surgical exposures along with 
complications due to incorrect diagnosis [12]. The 
research investigates calprotectin and lactoferrin 
serum levels among children showing acute 
appendicitis symptoms to find out their effectiveness 
in diagnosing uncomplicated acute appendicitis. The 
study correlates biomarker levels to clinical data, 
laboratory results, and radiological images to 
determine their capacity for regular pediatric 
application and diagnostic accuracy in resource-
effective non-invasive procedures. 

Material and methods 

This cross-sectional study was conducted in the 
Department of General Surgery, Prathima Institute 
of Medical Sciences, Naganoor, Karimnagar, 
Telangana State. Institutional ethical approval was 
obtained in the study. Written consent was obtained 
from the parents/guardians of the children included 
in the study.  

Study Population: Children aged 5 to 15 years 
presenting with right lower quadrant abdominal pain 
and clinical suspicion of acute appendicitis were 
considered for inclusion. After clinical, laboratory, 
and radiological evaluation, patients were 
categorized as having acute uncomplicated 
appendicitis, complicated appendicitis (perforated/ 
gangrenous), or non-appendicitis abdominal pain. 

Inclusion Criteria 

1. Children aged 5–15 years 
2. Clinical diagnosis suggestive of AUA 
3. Patients undergoing surgical intervention with 

histopathological confirmation 
4. Informed consent obtained from parents or legal 

guardians 

Exclusion Criteria 

1. Children with complicated appendicitis 
(perforation, gangrene, abscess) 

2. History of chronic gastrointestinal disease (e.g., 
IBD) 

3. Previous abdominal surgery 
4. Concurrent systemic infections or 

immunodeficiency 
5. Refusal of consent 

Sample Collection and Processing: Venous blood 
samples (3–5 mL) were collected under aseptic 
conditions from eligible children before surgery and 
before the administration of antibiotics. Samples 
were centrifuged at 3000 rpm for 10 minutes, and 
serum was separated and stored at –80°C until 
analysis. 

Biomarker Estimation: Serum calprotectin and 
lactoferrin levels were measured using 
commercially available quantitative enzyme-linked 
immunosorbent assay (ELISA) kits according to the 
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manufacturer’s instructions. All samples were 
analyzed in duplicate to ensure accuracy. Laboratory 
personnel were blinded to the clinical diagnosis to 
minimize bias. 

Diagnostic Confirmation: The diagnosis of AUA 
was confirmed intraoperatively and by subsequent 
histopathological examination of the resected 
appendix. Only those with histologically confirmed 
uncomplicated appendicitis were included in the 
study group. Those with normal appendices or 
complicated pathology were excluded from the final 
analysis. 

Control Group: Age- and sex-matched children who 
presented with non-surgical causes of abdominal 
pain and had normal clinical, laboratory, and 
ultrasound findings served as the control group. 

Data Collection: Demographic data, clinical 
findings (duration of pain, fever, vomiting), 
laboratory parameters (WBC count, CRP), 
radiological findings, operative notes, and 
histopathology reports were recorded in a structured 
proforma. 

Statistical Analysis: Data were analyzed using SPSS 
version 25.0. Continuous variables were expressed 
as mean ± standard deviation or median (IQR) as 
appropriate. Categorical variables were expressed as 
frequencies and percentages. Inter-group 
comparisons were made using Student’s t-test or 
Mann–Whitney U test for continuous variables, and 
Chi-square test for categorical variables.  

Results 

A total of 40 cases and 40 controls were used in the 
study. The mean age of the cases was 8.5 years ± 2.4 
years and the mean age of the cohort was 9.0 years 
± 2.3 years. The differences were statistically not 
significant. The age distribution among the cases 
shows a relatively even spread across the different 
age groups, with a slightly higher frequency in the 
9–10-year age group (30.0%). The control group 
shows a different age distribution. The highest 
percentage of controls falls within the 7–8-year age 
group (30.0%), followed by the 9–10-year group 
(25.0%). The younger (3-4 and 5-6) and older (11-
12) age groups have lower representation in the 
control group compared to the cases (Table 1).

 
Table 1: Demographic profile of the cases included in the study 

Variables  Cases (n=40) Controls (n=50) 
Frequency Percentage Frequency Percentage 

Age in years  
3 – 4 4 10.0 5 12.5 
5 – 6  6 15.0 8 20.0 
7 – 8  8 20.0 12 30.0 
9 – 10  12 30.0 10 25.0 
11 – 12  10 25.0 5 12.5 
Total  40 100.0 40 100.0 

 
Figure 1 shows the distribution of symptoms in the 
cases of the study. The high frequency and 
percentage of abdominal pain (100%) confirm that it 
is the most common and defining symptom of 
appendicitis in this study population. This aligns 
with the clinical understanding of the condition. 
Diarrhea (60%) and Vomiting (50%) are also 
relatively common. Nausea (47.5%) and Fever 
(42.5%) are present in a substantial portion of the 
cases but are less prevalent than abdominal pain, 

diarrhea, and vomiting. Weight loss (20%) is the 
least frequently reported symptom, which is 
expected in acute uncomplicated appendicitis as it is 
typically a condition of relatively short duration. The 
varying presence of these symptoms highlights the 
clinical heterogeneity of appendicitis. While 
abdominal pain is almost universally present, other 
accompanying symptoms can differ significantly 
among patients.
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Figure 1: Distribution of symptoms reported in the cases of the study 

 
Table 2 provides the core findings of the study 
regarding the potential of Calprotectin and 
Lactoferrin as early detection markers for acute 
uncomplicated appendicitis in children. Cases: The 
mean Calprotectin level in the cases group is 19.55 
ng/ml with a standard deviation of 3.55 ng/ml. This 
suggests a relatively consistent elevation of 
Calprotectin in children with appendicitis within this 
study. Controls: The mean Calprotectin level in the 
control group is significantly lower at 10.28 ng/ml 
with a standard deviation of 1.91 ng/ml. The lower 
standard deviation suggests less variability in 
Calprotectin levels among the controls. Cases: The 
mean Lactoferrin level in the cases group is 12.27 
ng/ml with a standard deviation of 2.43 ng/ml. This 

indicates an elevation of Lactoferrin in the 
appendicitis group. Controls: The mean Lactoferrin 
level in the control group is markedly lower at 2.19 
ng/ml with a standard deviation of 0.54 ng/ml, again 
showing less variability in the control group. The 
statistically significant differences in both 
Calprotectin and Lactoferrin levels between the 
cases and controls suggest that these biomarkers 
have the potential to aid in the early detection of 
acute uncomplicated appendicitis in children. 
Elevated levels of these biomarkers in a child 
presenting with suggestive symptoms could raise 
suspicion for appendicitis and potentially lead to 
earlier diagnosis and intervention.

 
Table 2: Assessment of Calprotectin and Lactoferrin in the cases of the study 

Parameter Frequency Mean P value 
Calprotectin ng/ml (cases) 40 19.55 ± 3.55  

0.021* Calprotectin ng/ml (controls) 40 10.28 ± 1.91 
Lactoferrin ng/ml (cases) 40 12.27 ± 2.43 0.001* 
Lactoferrin ng/ml (Controls) 40 2.19 ± 0.54 

*Significant 

There's a slight positive trend, as shown by the 
upward-sloping regression line, suggesting that 
higher Lactoferrin levels are mildly associated with 

higher Calprotectin levels. The data points are 
moderately scattered, indicating some variability 
and a weak-to-moderate correlation between the 
values (Figure 2).

  
 

0 20 40 60 80 100 120

Vomiting

Nausea

Diarrhoea

Fever

Abdominal pain

Weight loss

Vomiting Nausea Diarrhoea Fever Abdominal pain Weight loss



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

Geetha et al.                          International Journal of Current Pharmaceutical Review and Research  

459   

 
Figure 2: Correlation between Calprotectin and Lactoferrin levels among children with acute 

appendicitis. 
 
Table 3 reveals a statistically significant association 
between Calprotectin levels and the presence of 
different symptoms in children with acute 
uncomplicated appendicitis, suggesting that the 
inflammatory response measured by Calprotectin 
might vary depending on the clinical presentation. 
However, no such significant association was found 

for Lactoferrin levels, indicating that Lactoferrin 
might be a more stable marker of inflammation in 
this context, irrespective of the specific 
accompanying symptoms. This analysis highlights 
the potential complexity of the inflammatory 
response in appendicitis and how it might manifest 
with different clinical features.

 
Table 3: Correlation of the levels with different symptoms in the cases of the study 

Variable  Nausea  Vomiting Weight 
loss 

Fever Abdominal 
pain 

ANOVA  
P value  

Calprotectin ng/ml 
Mean ± SD 

18.59 ± 1.91 15.64 ± 2.27 20.11± 2.43 17.94 ± 2.07 20.34 ± 2.98 0.037* 

Lactoferrin  ng/ml  
Mean ± SD 

11.12 ± 0.81 8.84 ± 1.24 11.37± 1.30 11.27 ± 1.75 14.22 ± 1.29 0.081 

 
Discussion 

Acute appendicitis is a very common condition 
reported to surgical OPD and accurate diagnosis of 
acute uncomplicated appendicitis (AUA) in children 
remains a clinical challenge due to overlapping 
symptoms with other abdominal conditions. There 
are also limitations of imaging techniques that can 
be used in pediatric cases. In this study, we 
investigated the potential utility of two 
inflammatory biomarkers calprotectin and 
lactoferrin as the diagnostic markers for acute 
uncomplicated appendicitis. The findings of this 
study showed that both calprotectin and lactoferrin 
in children were higher in cases of AUA as 
compared to controls. The mean value of 
calprotectin in cases was 19.55 ng/ml, versus 10.28 
ng/ml observed in controls (p = 0.021). Similarly, 
the levels of lactoferrin in the cases of the study was 
12.27 ng/ml, compared to 2.19 ng/ml in controls (p 
= 0.001). The results of this study are consistent with 
previous research in this field suggesting both 
markers play a significant role in inflammation and 

immune response. Calprotectin is a member of the 
S100 protein family which is abundantly present in 
the cytosol of neutrophils and is released by 
activation making it a sensitive marker of 
neutrophil-driven inflammation [13, 14]. The 
elevated estimates of this biomarker in this study 
with AUA show that calprotectin levels increase in 
inflammatory bowel disease and other acute 
inflammatory states predominated by neutrophils 
[15-17]. 

Lactoferrin is an iron-binding glycoprotein found in 
neutrophils and epithelial secretions. It is known for 
its antimicrobial and anti-inflammatory properties. 
The substantial increases of lactoferrin in AUA 
cases of this study suggest that it could be used as a 
biomarker for mucosal and neutrophil activity in 
response to infection and inflammation [18, 19]. 
However, unlike calprotectin, lactoferrin did not 
show a significant association with specific 
symptoms suggesting its stability and it may be a 
consistent indicator of underlying inflammation 
regardless of clinical variations. The observed 
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association between calprotectin and lactoferrin 
levels in this study was weak to moderate which 
could be because of a synergistic relationship in 
inflammatory response. This correlation visualized 
through scatter plot analysis (Figure 2) shows that 
both biomarkers can be used in combination to 
improve the diagnostic accuracy. The other 
interesting finding in this study was calprotectin 
demonstrated a statistically significant association 
with clinical symptoms such as nausea, vomiting, 
fever, and abdominal pain (p=0.037). The 
association of lactoferrin was not significant (p = 
0.081). This indicates that calprotectin could reflect 
variations in inflammatory severity more sensitively 
while lactoferrin may remain relatively stable across 
the different symptoms. The overall results of the 
study show that the diagnostic value of calprotectin 
and lactoferrin was useful in the diagnosis of AUA. 
Therefore, the inclusion of these values in diagnostic 
algorithms could aid in reducing unnecessary 
surgical interventions. However, further research 
with a larger sample size and longitudinal follow-up 
are needed to validate these findings.  

Conclusion 

Our study highlights the potential utility of 
Calprotectin and Lactoferrin as early diagnostic 
biomarkers for acute uncomplicated appendicitis in 
children. Significantly elevated levels of both 
markers in cases compared to controls suggest their 
diagnostic relevance. Calprotectin showed a variable 
association with specific symptoms, while 
Lactoferrin levels remained consistently elevated, 
indicating its stability as a marker. These findings 
support the inclusion of these biomarkers in clinical 
evaluation to improve early diagnosis and reduce 
unnecessary surgical interventions in pediatric 
appendicitis. 
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