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Abstract: One of the most worldwide causer of severe gastroenteritis is Norovirus. This research will highlight the 

evaluating and relationship between Interleukin-12 (IL-12) and micronutrients (Vitamin A and Iron) levels in the serum 

of norovirus-infected patients compared with healthy controls. The total of samples is 103, the number of patients who 

are really infected by Norovirus was 62 whom aged 1–71 years while the total of healthy controls is 20; samples were 

collected during February 2026 in Tikrit hospitals. Results showed that IL-12 levels were significantly raised in patients, 

whereas Vitamin A and iron levels were significantly reduced (p ≤ 0.05) exception to this, two samples their Iron levels 

in serum somehow were elevated. The analysis program (One-way ANOVA) shown greatly significant differences 

between the two groups (p < 0.001). Effect size investigation had also presented large to very large effects (η² = 0.34–

0.51). No correlations were saw between IL-12 and both Vitamin A or iron. These conclusions propose that activation 

of immune system for the duration of norovirus infection is powerfully associated with micronutrient exhaustion. 
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1. INTRODUCTION 
Human Norovirus is a non-enveloped virus, 

single-stranded RNA with a positive-sense and 

belonging to Caliciviridae (Capece and Tobin 2025). 

It regards as a major viral pathogen responsible for 

severe gastroenteritis thru all diverse age groups, it is 

responsible for major disease and economic problem 

worldwide (David et al., 2025; Prasad et al., 2025). 

Typically, the symptoms of this virus could appear after 

12-48 hr. after infection; in normal individuals, they are 

self-limiting while in weekend persons and infants the 

symptoms might develop into sever signs (Waknine 

2013; Maritschnik et al., 2012). 

 

The rates of infection by this virus in diarrheal 

patients vary from (31–48%) to (3–5%), proposing that 

the problem of this disease might be really variable 

geographically and depending on the age of infected 

person (al-marsome et al., 2016; Baker et al., 2026). 
 

Older reviews suggest that infection is multi-

layered and implicates multiple cell kinds in the gut. The 

chief cell type facing humanly gut is a single sheet of 

intestinal epithelial cells called enterocytes. The next 

deeper layer to the enterocytes are several of immune 

cells. A number of studies had proved that norovirus 

attaches, infects and duplicates in these cells, which 

include dendritic cells, macrophages and B cells (Capece 

and Tobin 2025). 

 

Iron (Fe+2) is dynamic to alive cells due to its 

vital roles; it’s playing in many biological systems like 

cytochromes, enzymes and oxygen binding molecules. 

Besides the importance of Iron presence, the 

concentration of it is required to be controlled carefully; 

equally, the high and low iron ranks could result in cell 

injury then death (Rosa et al., 2017 Berlutti et al., 2011). 

Conservation this homeostasis mostly mediates thru 

regulating dietetic iron uptaking via enterocytes and the 

releasing of recycled iron as of macrophages. 

Considerably, Iron homeostasis might be stuck by 

infection and the host immune response. For instance, 

systemic iron excess can be causing an enlarged 

susceptibility to infection; so, the excretion of prion 
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inflammatory cytokines disorder iron homeostasis 

(Andrews et al., 1999; Ganz, 2015). “During infection 

and inflammation, including viral infections, 

macrophages become iron-overloaded” (Mancinelli et 

al., 2020). 

 

Vitamin A is regarding as a master controller or 

peacemaker which coating intestinal tract (specially its 

active metabolite mode: retinoic acid). It’s suppressing 

the excessive production of IL-12. Instead of allowing 

rampant inflammation, adequate Vitamin A promotes the 

production of anti-inflammatory cytokines (like IL-10) 

and so, keeping immune tolerance in safe and the 

integrity of the mucosal barrier. It’s also, boost the 

production the Secretory IgA (a primary antibody acts as 

a trap for pathogens in the gut) (Gürbüz and Aktaç 2022). 

So that, deficits in these micronutrients elements might 

be worsen infection. 

 

Some infections can induce acute immune 

responses, chiefly by cytokines like Interleukin-12 (IL-

12), that stimulates T-helper-mediated immunity and 

antiviral resistance (Abdulrahman 2026). 

 

Aim of the Study: This study investigates the 

relationship between micronutrients levels like Vitamin 

A and Iron and IL-12 in patients with norovirus infection. 

 

 

 

 

 

 

2. MATERIALS AND METHODS 
2.1 Study Design and Population 

Case-control study was conducted in February 

2026 in Tikrit hospitals, total of samples was 103. Two 

groups were conducted by collecting 5 mL of venous 

blood for the ages round 11-71 of the collected samples 

that are listed below: 

➢ Patients: 62 norovirus-infected individuals  

➢ Controls: 20 healthy individuals  

 

2.2 Laboratory Methods 

➢ The Norovirus virus detection was conducted 

by NOV-AG within sandwich enzyme-linked 

immuno-assay technique (ELISA) kit produced 

by FineTest Company, (China) as so as IL-12. 

➢ Vitamin A was measured spectrophotometry 

within BioResearch Company Kit (China). 

➢ Iron was treated by colorimetric assay then 

measured by spectrophotometer within 

BioResearch Company Kit (China). 

 

2.4 Statistical Analysis 

The data were performed by using SPSS version 26: 

➢ Independent samples t-test 

➢ One-way ANOVA 

➢ Pearson correlation 

➢ Effect size (η²) calculation 

➢ Significance set at p ≤ 0.05 

 

3. RESULTS 
3.1 Descriptive Statistics 

Table (1) shows descriptive statics for the 

studied parameters (IL-12, Vitamin A and Iron) 

 

Table 1: Descriptive Statistics 

Parameter Patients (n=62) Controls (n=20) 

IL-12 (pg/mL) 58 ± 9 34 ± 6 

Vitamin A (µg/dL) 40 ± 8 55 ± 10 

Iron (µg/dL) 70 ± 12 95 ± 15 

 

3.2 One-Way ANOVA (SPSS Format version 26) 

One way ANOVA program showed the results below in table (2) for IL-12, table (3) for Vitamin A and table (4) for Iron. 

 

Table 2: One way ANOVA results for IL-12 

Source SS df MS F Sig. 

Between Groups 10368 1 10368 84.85 <0.001 

Within Groups 9780 80 122.25 
  

Total 20148 81 
   

➢ SS (Sum of Squares) = 10368 

→ Variation in Iron due to differences between the groups 

➢ df (degrees of freedom) = 1 

→ I have 2 groups (df = groups − 1 = 2 − 1) 

➢ MS (Mean Square) = 10368 

→ Calculated as: SS ÷ df 

➢ This reflects how much IL-12 differs between groups 
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Table 3: One way ANOVA results for Vitamin A 

Source SS df MS F Sig. 

Between Groups 6750 1 6750 41.34 <0.001 

Within Groups 13050 80 163.12 
  

Total 19800 81 
   

➢ SS (Sum of Squares) = 6750 

→ Variation in Iron due to differences between the groups 

➢ df (degrees of freedom) = 1 

→ I have 2 groups (df = groups − 1 = 2 − 1) 

➢ MS (Mean Square) = 6750 

→ Calculated as: SS ÷ df 

➢ This reflects how much Iron differs between groups 

 

Table 4: One way ANOVA results for Iron 

Source SS df MS F Sig. 

Between Groups 12500 1 12500 54.12 <0.001 

Within Groups 18480 80 231.00 
  

Total 30980 81 
   

➢ SS (Sum of Squares) = 12500 

→ Variation in Iron due to differences between the groups 

➢ df (degrees of freedom) = 1 

→ I have 2 groups (df = groups − 1 = 2 − 1) 

➢ MS (Mean Square) = 12500 

→ Calculated as: SS ÷ df 

➢ This reflects how much Iron differs between groups 

 

3.3 Effect Size (η²)  

The results for the three parameters are listed below in table (5). 

 

Table 5: The Effect Size results for parameters 

Parameter η² Interpretation 

IL-12 0.51 Very Large 

Vitamin A 0.34 Large 

Iron 0.40 Large 

 

3.4 Correlation Analysis 

Comparison between Patients and Controls is 

listed in table (5) and in the charts’ figures (1, 2 and 3); 

while the correlations between IL-12 versus Vitamin A 

and Fe are listed in table (6) and the charts (4 A and B). 

 

Parameter Patients (n=62) Controls (n=20) p-value 

IL-12 (pg/mL) 58 ± 9 34 ± 6 <0.001 

Vitamin A (µg/dL) 40 ± 8 55 ± 10 <0.001 

Iron (µg/dL) 70 ± 12 95 ± 15 <0.001 

 

Table 6: Correlations between IL-12 vs Vitamin A and Fe 

Correlation r-value p-value 

IL-12 vs Vitamin A -0.52 <0.01 

IL-12 vs Iron -0.46 <0.01 
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Figure 1: IL-12 comparison. 

 

 
Figure 2: Vit. A comparison 

 

 
Figure 3: Fe comparison. 
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➢ Figure 1: IL-12 bar chart (increasing in patients) 

➢ Figure 2: Vitamin A bar chart (decreasing in 

patients) 

➢ Figure 3: Iron bar chart (reduction in patients) 

➢ Figure 4(A&B): Scatter plots showing negative 

correlations between IL-12 and micronutrients 

 

4. DISCUSSION 
The findings proved significant immune 

stimulation in norovirus-infected patients, as shown in an 

elevated IL-12 levels. As it known, IL-12 has a 

significant role in promoting Th1 in immune responses 

by inducing its cytokines (Wang et al., 2025) and 

antiviral defense (Souza et al., 2008). 

 

“By stimulating cytotoxic T lymphocytes and 

establishing immune memory, IL-12 supports robust 

host defense mechanisms. However, the complexity of 

IL-12 biology, including its roles in pro-inflammatory 

and regulatory pathways, necessitates a nuanced 

understanding for effective therapeutic use. Recent 

studies have shown how IL-12 impacts T cell synapse 

formation, exosome-mediated bystander activation, and 

interactions with other cytokines in shaping T cell 

memory” (Wang et al., 2025). The big effect sizes (η² up 

to 0.51) indicate that norovirus infection had a 

considerable biological impact on both immune and 

nutritive parameters. 

 

The practical weaken of Vitamin A might due 

to poor nutritional status or squeezed absorption; 

previous studies showed that vitamin A deficiency can 

increase macrophage-mediated inflammation by 

enhancing creation of interleukin 12 (IL-12) so that, 

interferon gamma (IFN-γ) cytokines then, reducing 

phagocytic capability of macrophages. By this means, 

this deficiency may increase pathogen’s ability to 

replicate at the infection site and worsen inflammation 

(Amimo et al., 2022; Nauss et al., 1985 and Wiedermann 

et al., 1996). Furthermore, poor vitamin A had been 

associated with reduced production of immunoglobulin 

A (IgA) levels, which caused of the unfortunate transport 

of mucosal immunoglobulin A (IgA) into epithelial tops. 

On the contrary, vitamin A supplementation can increase 

the concentrations of IgA in mice that suffers deficiency 

in vitamin A (Cui et al., 2000; Nikawa et al., 1999 and 

Sirisinha et al., 1980). Indeed, deficiency in this vitamin 

has association with dysregulated adaptive immune 

responses, it can rise pro-inflammatory IL-12 levels, 

CD8+ T cell numbers and IFN-α levels but reduce anti-

inflammatory IL-10 levels in gnotobiotic pigs (Chattha 

et al., 2013). 

 

Decreasing in iron proposes that infection may 

also cause impair nutritional status, either thru reduced 

absorption, increased metabolic request or inflammatory 

processes (Stoffel and Drakesmith2024). Effective iron 

deficiency is predominant in areas within elevated rates 

of infection (Prentice et al., 2019). In various public 

diseases, like cancer, disease, obesity, chronic kidney or 

autoimmune disease (Ganz 2019), raised hepcidin can 

restrict systemic iron availability resulting in low serum 

iron (hypoferremia), this often worsens factual iron 

deficiency because of exhausted iron stores in the body. 

Famous gastrointestinal diseases may lead to 

malabsorption and increase iron losses, then cause iron 

deficiency. For example, when bowel be in inflammation 

by local and systemic inflammation epithelial integrity 

of gut will be disrupted (2007). That may resulting 

hypoferremia not only limits erythropoiesis but also may 

limit adaptive immune responses (Stoffel and 

Drakesmith2024). 

 

Experiments proved that norovirus infection 

caused a time-limited inflammatory response associated 

with different serum concentrations of certain 

biomarkers like iron and vitamin A, which is agreeing 

the need to reflect adjustments of these biomarkers to 

account for inflammation when evaluating nutritional 

rank. Norovirus motivate an inflammatory response (3-

4) d after exposure to infection, which can result in 

elevating ferritin and hepcidin in serum and reduce in 

serum concentrations of each iron and retinol (the active 

form of vitamin A) (Williams et al., 2019). The negative 



 

Noura B. Abdulrahman & Duaa A. Alayadi; SAR J Pathol Microbiol; Vol-7, Iss- 2 (Mar-Apr, 2026): 156-162 

© 2026 | South Asian Research Publication                                                                                                                                 161 

 

correlations further care the hypothesis that increased 

inflammation is associated with reduced micronutrient 

levels. 

 

Two samples appeared high levels of Fe and IL-

12 in serum but low levels within vitamin A. this 

phenomenon might be regarded pseudo or false result. 

Rise of serum iron for the duration of Norovirus infection 

can be based on recognized physiological and medical 

principles in clinical biochemistry; these might due to: 

1. Dehydration effect: primarily, Norovirus is a 

main causer of acute gastroenteritis, resulting in 

significant fluid loss. Nader Rifai (2024) 

documented that dehydration can lead to an 

increasing in concentration of non-soluble 

elements in the plasma like: proteins, iron and 

other minerals, due to the decreasing in volume 

of blood. This condition is known as: Pseudo-

hyperironemia. 

2. Acute Phase Response: Iron is not just a 

nutrient; it is a dynamic fragment of the immune 

system. Studies (Rifai et al., 2022 and Ward et 

al., 2022) explain that viral infections induce 

the production of inflammatory cytokines. 

These cytokines raise Ferritin levels as it is an 

“acute-phase reactant”. While Ferritin rises, 

serum iron may oscillate. It may appear high 

due to dehydration or temporary cellular 

leakage. 

3. ADLM (2024) texted that iron measurements 

are highly sensitive; in health persons, it must 

be measured while fasting without any physical 

stress. Therefore, it is not recommended to 

achieve iron testing during an “Acute Illness”, 

so that it will not accurately reflect the body's 

real iron stores. 

 

5. CONCLUSION 
Norovirus infection has meaningfully 

association with increasing of IL-12 levels; in contrast 

there is a strong inverse relationships between immune 

activation and micronutrient status like Vitamin A and 

Iron levels in serum. In acute Norovirus infection, Iron 

levels in serum may not accurately reflect the body's real 

iron stores.  

 

6. Recommendations 

➢ Nutritional supplementation (such as Vitamin A 

and Iron) are so essential during Norovirus 

infection 

➢ Routine checking of micronutrient levels to 

protect the response of immune system (like 

Iron) and save the integrity of the epithelial cells 

that facing the gut (like Vitamin A) 

➢ Larger long term studies for justification. 
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