


Incredible rise of ferritin levels: An overlooked position in dengue fever

Abstract
Background: Dengue fever, a globally prevalent mosquito-borne viral disease, poses significant public health challenges due to its potential for severe complications such as dengue hemorrhagic fever and dengue shock syndrome. Identifying early biomarkers to predict disease severity is crucial for timely intervention. Recent studies have pointed toward ferritin—a key iron-storage protein—as a possible indicator of disease progression.
Objective: This study investigates the role of serum ferritin levels as a biomarker for severity assessment in patients hospitalized with dengue fever.
Methods: A retrospective cross-sectional study was conducted on 18 laboratory-confirmed dengue patients aged 8–80 years admitted to a tertiary care hospital between August 2022 and January 2023. Ferritin levels and other clinical parameters were compared between patients with uncomplicated and complicated dengue. Comparative analysis was also done with cases of urinary tract infections (UTI), chronic kidney disease (CKD), enteric fever, and other viral illnesses.
Results: Mean serum ferritin levels were significantly elevated in complicated dengue cases (10,292.5 ng/mL) compared to uncomplicated cases (1,448.1 ng/mL). Higher ferritin levels were also observed in females and patients under 50 years of age, though statistical significance varied. Dengue patients showed significantly higher ferritin levels than those with UTI and CKD. No correlation was found between ferritin and hemoglobin levels.
Conclusion: Elevated ferritin levels are strongly associated with disease severity in dengue fever and may serve as a reliable biomarker for early identification of high-risk patients. This has important implications for clinical management and prognosis.
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Introduction 
Dengue virus is a positive sense RNA Flavivirus and is transmitted to human beings by bites of female Aedes aegypti and A. albopictus. Although at present a global disease, it is highly prevalent in South-East Asian countries with about 100 million new cases worldwide; and 50,000 serious cases with 2.5% mortality – mainly due to severe thrombocytopenia, dengue shock syndrome (DSS) and dengue haemorrhagic fever requiring hospital care [1]. From the year 2000 to 2019, the number of dengue cases increased up to eight-fold. 
The iron storage complex protein ferritin is produced in our body by reticulo-endothelial system. When ferritin level is increased in the body, the microorganisms are deprived of the iron, which is essential for their growth [2]. Immune reaction and coagulation anomaly in dengue fever are the pivotal changes, which result in hyperferritinaemia and severe dengue fever is often associated with serum ferritin levels more than 1500 ng/ml [3]. A study in children indicated that 1200 ng/ml is the critical level for dengue haemorrhagic fever [4]. In fact, by observing serum ferritin level as a marker, we can differentiate dengue fever from other febrile illnesses [3].
 In 2009, the World Health Organization (WHO) classified dengue into three categories: dengue fever, dengue fever with warning signs, and severe dengue. Severe dengue encompasses conditions such as severe plasma leakage leading to shock (Dengue Shock Syndrome – DSS), respiratory distress, life-threatening bleeding (Dengue Hemorrhagic Fever – DHF), and organ involvement (e.g., cardiac, liver enzymes greater than 1,000 IU/ml, or central nervous system impairment) [5]. The precise cause of severe dengue in the minority of affected patients remains unclear [6].

 Risk factors for Dengue Hemorrhagic Fever (DHF) include host age, race, nutritional status, immune response, viral serotype, and the degree of local viral transmission [7]. The pathogenesis of severe dengue is primarily linked to antibody-dependent enhancement (ADE) in secondary infections and cytokine dysregulation. Since no specific antiviral treatment exists, management focuses on rigorous monitoring and early identification of patients at risk for severe disease to prevent complications like DHF and DSS [6].

 Dengue fever has been on the rise due to rapid urbanization, changes in lifestyle, and improper water storage practices in both urban and rural areas, all of which contribute to the proliferation of mosquito-breeding sites [8]. Currently, there are five known dengue serotypes (DENV 1–5) that have been isolated from dengue-infected patients. Dengue infection can range from mild fever with muscle pain to severe manifestations such as the above-mentioned Dengue Shock Syndrome (DSS), Dengue Hemorrhagic Fever (DHF), and multi-organ failure [8].

 A study conducted in Aruba compared serum ferritin levels in 44 dengue patients with those of patients with other febrile illnesses (OFIs). The results showed significantly elevated ferritin levels in dengue patients on days 6-8 of illness. Additionally, higher ferritin levels were associated with higher viral copy numbers on days 2-3 of illness. The findings of the Aruba study were validated by a Brazilian dengue cohort, which included 132 dengue patients, including 33 severe dengue patients. The study found that severe dengue patients had elevated ferritin levels and a pro-inflammatory cytokine profile, including IL-6, IL-8, MCP, and sIL-2R [9].

 A case-control study conducted at the Jawaharlal Institute of Postgraduate Medical Education and Research in India aimed to identify potential biomarkers for predicting disease severity in dengue patients. The study compared serum levels of ferritin, ceruloplasmin, and alpha1-antitrypsin in 48 dengue cases with those in 48 patients with other febrile illnesses (OFIs). Significantly elevated ceruloplasmin and ferritin levels were observed in severe dengue patients compared to non-severe dengue and OFI patients. Ferritin was identified as a potential biomarker for predicting disease severity, with high sensitivity and specificity rates. On the day of admission, ferritin demonstrated a sensitivity of 76.9% and specificity of 83.3%. Around the time of abatement of fever, ferritin's sensitivity and specificity increased to 90% and 91.6%, respectively, which suggests that ferritin may serve as a valuable biomarker for early prediction of disease severity in dengue patients [10].


 Dengue fever has been a concern in West Bengal since the first case was reported in 1963, followed by the first Dengue Hemorrhagic Fever (DHF) case in 1963-64 [11]. In recent years, the number of dengue cases in West Bengal has decreased, with a very low mortality rate. Detailed district reports reveal that Kolkata, North 24 Parganas, and South 24 Parganas remain endemic. Urbanization appears to be a significant factor in the transmission and occurrence of the disease in these areas. 
 Patients with severe dengue infections often experience extreme inflammation, which can lead to life-threatening complications. Elevated ferritin levels are commonly seen in these patients and are associated with the severity of the disease [12-13]. Studies have shown that hyperferritinemia is associated with the severity of dengue fever in children. Moreover, serum ferritin levels have been found to correlate with viral load in adult patients. These observations suggest that serum ferritin levels may serve as an early predictor of dengue fever severity in adult patients [14].
 Early recognition and supportive care, including fluid replacement and blood transfusions, are crucial in managing severe dengue infections [5]. Ferritin levels can serve as a useful marker of disease severity and can help guide treatment decisions [12].

Materials and Methods

 This retrospective study was conducted at Peerless Hospital and B. K. Roy Research Center, Kolkata, enrolling patients admitted between August 2022 and January 2023. The study included patients with laboratory-confirmed dengue fever, aged 8-80 years, who required hospitalization and had serum ferritin levels ≥300 ng/mL at admission. This ferritin cut-off was based on a systematic review and meta-analysis of dengue-associated hemophagocytic lymphohistiocytosis (DA-HLH) [14].
A total of 18 patients were identified with dengue fever and elevated serum ferritin levels, meeting the study's inclusion criteria.
 It is a cross-sectional retrospective analysis. The study was conducted following the guidelines of Institutional Ethical Committee and identity of all patients was kept anonymous. We also studied eight cases suffering from urinary tract infection, 21 cases suffering from chronic kidney disease, five cases suffering from enteric fever, and five cases suffering from other viral diseases for comparison.

Sample collection and preparation

 Serum samples for NS-1 antigen test by ELISA method was collected within 5 days of fever, and after that period, serum samples for IgM antibodies using MAC-ELISA or IgG ELISA test were collected. 

 Serum separator tubes were used for serum collection, which is typically used for antibody testing i.e., serological testing, especially after 4-5 days of illness or later in the course of the disease to assess past infection or immunity. Samples were properly stored and transported to the laboratory. 
 Serum samples were also used for ferritin estimation. Serum ferritin and other biochemical parameters were analyzed using automated biochemical analyzer COBAS e411, which utilizes Electro-Chemiluminescence Immunoassay (ECLIA) technology and VITROS XT5600, which employs Reflectance Photometry technology. 

Statistical analysis

 Data collection included demographic data, relevant clinical examination and laboratory parameters, and the presence of WHO severity markers. Data was entered in Excel sheets (Microsoft 365) and were analyzed. Categorical variables and continuous variables were summarized as mean, standard deviation (SD), and standard error, respectively, and for comparative analysis of the data. The p Value was generated by using p test calculation for means. A p value of less than 0.05 was considered significant for the primary outcome. For secondary outcomes, the measures and reporting depended on the type of variable.


Results
 The analysis of the data (Table 1, and Table2) revealed significant differences in ferritin levels among different groups of patients. The mean ferritin levels were significantly higher in complicated dengue fever patients compared to uncomplicated dengue fever patients , with a mean ferritin level of 10292.5 ng/mL in complicated dengue fever patients and 1448.1 ng/mL in uncomplicated dengue fever patients.  Although the study revealed that female dengue fever patients had significantly higher mean ferritin levels compared to male patients, with a mean ferritin level of 6914.60 ng/mL in female patients and 3459.37 ng/mL in male patients, this difference was not statistically significant. Age was also found to be a factor, with dengue fever patients below 50 years old having significantly higher mean ferritin levels compared to those 50 years old or above, with a mean ferritin level of 7202.77 ng/mL in patients under 50 years old and 637.00 ng/mL in patients 50 years old or above. A moderately significant difference in ferritin levels was found between <50 Yr and ≥50 Yr age dengue fever patients (P = 0.0547). Dengue fever patients have significantly higher ferritin levels compared to UTI patients (p = 0.0450). Dengue fever patients have significantly higher ferritin levels compared to CKD patients (P = 0.0005). No significant difference in ferritin levels was found between total dengue fever cases and enteric fever cases, other viral diseases. There was no relation of increased ferritin levels in dengue fever with haemoglobin levels (Pearson’s r =0.3862, P value = 0.1551). 


	Ferritin levels in ng/ml
	Mean
	Standard Deviation
	Standard error of Mean

	Dengue fever group
	
	
	

	Total Dengue fever cases (N=18)
	5378.94
	6598.31
	1555.24

	Uncomplicated dengue fever cases (N=10)
	1448.1
	1543.48
	488.09

	Complicated dengue fever cases(N=8)
	10292.5
	7695.81
	2720.88

	Dengue fever cases, Male(N=8)
	3459.37
	4670.88
	1551.40

	Dengue fever cases, Female (N=10)
	6914.60
	7457.09
	2358.14

	Dengue fever cases <50 Yr age group (N=13)
	7202.77
	6943.03
	1925.65

	Dengue fever cases ≥50 Yr age group (N=5)
	637.00
	516.34
	230.91

	Other groups
	
	
	

	Urinary tract infection cases(N=8)
	358.24
	299.10
	105.75

	CKD cases(N=24)
	290.90
	443.16
	90.46

	Enteric fever cases (N=5)
	911.00
	846.77
	378.68

	Other viral diseases (N=5)
	285.18
	211.06
	94.39



Table 1: Showing ferritin levels in dengue fever and in some other diseases; CKD=Chronic Kidney disease, N=Number of cases.
	
	t-value
	P- value

	Dengue fever/UTI
	-2.115
	0.0450*

	Dengue fever/CKD
	-3.782
	0.0005**

	Dengue fever/Enteric fever
	-1.486
	0.1522

	Dengue fever/other viral diseases
	-1.697
	0.1045

	Uncomplicated/Complicated dengue fever
	3.572
	0.0025**

	Male/Female dengue fever
	1.140
	0.2711

	<50 Yr/≥ 50 Yr age dengue fever
	-2.073
	0.0547*



Table2: Showing significance of differences of ferritin levels between different groups; * Moderately significant; ** Highly significant; UTI= Urinary tract infection; CKD=Chronic kidney disease.
Discussion
 The study findings suggest that ferritin levels can be a valuable biomarker for predicting disease severity and guiding treatment decisions in dengue fever patients [15]. The significant correlations between ferritin levels and disease severity, and the differences in ferritin levels between complicated and  uncomplicated dengue fever patients support this conclusion.
 Elevated ferritin levels in dengue fever patients may indicate a more severe inflammatory response, which can lead to complications such as hemorrhage, organ failure, and even death [16]. According to the World Health Organization (WHO), dengue fever is a major public health concern, with significant morbidity and mortality worldwide [17]. Therefore, monitoring ferritin levels can help healthcare professionals identify patients at risk of developing severe disease and provide timely interventions.
 Previous studies have also investigated the role of ferritin levels in dengue fever. For example, a study published in the Journal of Medical Virology found that ferritin levels were higher in patients with severe dengue fever than those with mild disease [18]. Another study published in the American Journal of Tropical Medicine and Hygiene found that ferritin levels were associated with disease severity and outcome in dengue fever patients [19].
 The increased ferritin levels in complicated dengue fever are not due to increased viral load, because, in complicated dengue patients, viral load is low and sometimes undetectable [20,21]. It has been found that the main reasons for increased ferritin levels are cytokine dysregulation, hyperinflammation, dysregulated T cells, macrophage proliferation [22,11], mast cell activation, degranulation, and elevated chymase level. In some studies, 5-40 year-old males are mainly affected [23,10]. However, in our study group, the number of females was slightly higher than that of males.
 The study findings have important implications for clinical practice. Healthcare professionals can use ferritin levels to identify patients at risk of developing severe disease and provide timely interventions, monitor disease severity, adjust treatment plans accordingly, and develop predictive models to identify patients who may benefit from aggressive treatment.
Conclusion :  the study’s findings suggest that ferritin levels can be a valuable biomarker for predicting disease severity and guiding treatment decisions in dengue fever patients. 
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