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            Abstract

            
               
Background: The aim is to evaluate ferritin levels in fever caused by dengue virus and their association with the severity of infection
                  with dengue virus in children. Subjects and Methods: It is a Prospective that was done for 1 year in the department of pediatrics. 56 reported cases with a history of dengue fever
                  for clinical evaluation by positive IgG and IgM antibodies and positive NS1 antigen and were included in the sample. All 16-year-old
                  subjects with clinical dengue suspicion presenting in the department of emergency. Results: Out of total of 56 children with mean age of the children were 11.5 years and SD 3.5 years, and 59% were male who were majority.
                  Mean hospital stay duration was 5 ±3 days. Most of the patients in study discharged in 5-7 days of admission in hospital.
                  The mean serum ferritin levels among cases with DHF were raised than those with DF with significant p-values of< 0.05 on Day
                  5 and 6 of illness. During Days 5, 6, and 7 after the onset of fever, the results for sensitivity were 83, 86, and 92 per
                  cent respectively. Conclusion: The incidence of hyperferritinaemia in patients infected with dengue virus is suggestive of highly active use of ferritin
                  level in serum is 1,200 ng/ml as a method for predicting progression to DHF starting on Day 4 of the disease and continuing
                  to recover.
               

            
         

         
            Keywords

            Ferritin level, Dengue fever, convalescent stage

         

         

      

      
         
               Introduction

            One of the world's leading viral hemorrhagic fevers is Dengue fever which is widely spread of insect borne viral diseases
               caused by the 4- serotyped Flavivirus genus Arbovirus, affecting a 39700 lakh people in 128 countries including India. This
               is propagated by mosquitoes like Aedes albopictus and Aedes aegypti. Early diagnosis by laboratory findings of dengue fever
               is important for providing proper treatment to cases and for preventing dangerous complications such as dengue shock syndrome
               (DSS) and hemorrhagic fever (DHF), both known by WHO as severe dengue. Widely used study involves the detection of dengue
               specific Immunoglobulin G or Immunoglbulin M by ELISA kit testing. Liver biochemistry is often usually deranged in dengue
               fever; SGOT and SGPT in particular are elevated. Increased serum ferritin has been associated with extreme dengue in children.[1,2,3]

            Hyperferritinemia in dengue infected subjects is related with intemperate immune activation and coagulation disarranges as
               reported in Dengue episode. [4] An Indian study found that serum ferritin levels in dengue infected cases are significantly higher compared to controls;
                Results from previous studies have shown that hyperferritinemia is associated with extreme disease that is observed during
               the duration of the disease. Besides other laboratory results in dengue fever, ferritin levels are also rised. Ferritin is
               an acute phase reactant and is expressed in response to infection or inflammation by cells of the reticuloendothelial system.
               Hyperferritinemia was found to be related with seriousness of dengue fever in young people. [5,6]

            In adult patients, ferritin levels were also found to be related to viral load. These findings gave the impression that the
               serum ferritin levels in adult patients could also be used as an early indicator of dengue fever severity. Aim is to study
               serum ferritin level in dengue fever and its association with dengue virus infection severity at a tertiary center.
            

            

         

         
               Subjects and Methods

            This prospective observational study was done for duration of 1 year in the department of paediatrics.56 reported patients
               with history of dengue fever, clinical evaluation by IgG and IgM antibodies positive and positive NS1 antigen were included
               in the sample. 
            

            Inclusion criteria: 
            

            All cases of 16 years age and older with clinical dengue suspicion presenting in emergency room.

            Exclusion criteria: 
            

            Patients with breastfeeding, patients with documented hematological conditions, patients with qualitative and quantitative
               platelet conditions, patients with other febrile diseases and mixed infections, patients with heparin, radiotherapy, chemotherapy
               and patients with immunosuppression.
            

            
               Diagnostic
                C
               riteria
                
               
            

            DHF's clinical diagnosis is based on 4 main features of manifestations that the WHO recognises (1997): 

            
                  
                  	
                     Persistent high grade fever lasting for two to seven days; 

                  

                  	
                     Positive tourniquet test or petechiae with hemorrhagic tendency 

                  

                  	
                     Thrombocytopenia

                  

                  	
                     Proof of plasma drain demonstrated by hemoconcentration or pleurual effusion.

                  

               

            

            The extent of DHF is graded into four grades as Grade-I, II, III and IV.

            Patients without evidence of hemoconcentration had a right lateral decubitus x-ray of the chest taken 12-24 hours after defervescence.
               Both DHF and DF patients had infected with dengue virus was confirmed serologically.
            

            Data were collected and analysed for all patients admitted to the medical ward and medical PICU during the period when the
               incidence of dengue has raised. After informed consent, 2ml of blood was collected from the study subjects; ferritin assay
               was done at the time of diagnosis if the diagnosis was made in the study centre; or at the time of admission if referred from
               an outside hospital with positive test results (NS1 or dengue serology positive). Patients with NS1 positivity on Days 2–8
               and/or positive IgM for dengue on Days 6–10 prior to discharge were regarded to be positive for dengue cases. 
            

            Dengue Immunoglobin G and Immunoglobin M were estimated by micro ELISA kit autoanalyzer and NS1 positivity was estimated by
               ELISA kit. Ferritin was estimated by ECLIA. LFT was estimated by Dry Chemistry System Hemoglobin, Total Count, Differencial
               Count and platelet were estimated by autoanalyzer in the lab.
            

            This study performed descriptive statistical analysis. Continuous measurement results are based on mean ± SD, and categorical
               measurement results are reported in numbers (percent). 
            

            Significance is measured at <0.0 5. Microsoft Word 2010 and Microsoft Excel 2010 have been used to generate tables and figures.

            

         

         
               Results

            The study had included a total of 56 students. The children's mean age was 11.5 years and SD 3.5 years, with 59 percent being
               male. 21 children were classified as having DF and 35 as having DHF in which 15 grades I, 12 grades II and 8 grades III and
               IV were categorised according to the WHO criteria
            

            

            
                  
                  Table 1

                  
                     
                     
                     Demographic
                      
                     details
                      
                     of
                      
                     study
                     
                  

               

               
                     
                        
                           	
                              Diagnosis
                        
                        	
                              Males
                        
                        	
                              Females
                        
                        	
                              Total
                        
                        	
                              Mean age +SD
                        
                     

                     
                           	
                              Number of children (%)
                        
                        	
                              Number of children (%)
                        
                        	
                              Number of cases (%)
                        
                     

                     
                           	
                              Dengue fever
                        
                        	
                              12 (36.4%)
                        
                        	
                              9 (39.1%)
                        
                        	
                              21 (37.5%)
                        
                        	
                              11.2+2.6
                        
                     

                     
                           	
                              DHF grade-I
                        
                        	
                              9 (27.3%)
                        
                        	
                              6 (26.1%)
                        
                        	
                              15 (26.8%)
                        
                        	
                              10.5+3.9
                        
                     

                     
                           	
                              DHF grade-II
                        
                        	
                              7 (21.2%)
                        
                        	
                              5 (21.7%)
                        
                        	
                              12 (21.4%)
                        
                        	
                              12.7+4.7
                        
                     

                     
                           	
                              DHF grade-III-IV
                        
                        	
                              5 (15.2%)
                        
                        	
                              3 (13.1%)
                        
                        	
                              8 (14.3%)
                        
                        	
                              11.7+3.1
                        
                     

                     
                           	
                              Total
                        
                        	
                              33 (59%)
                        
                        	
                              23 (41%)
                        
                        	
                              56  (100%)
                        
                        	
                              11.5+3.5
                        
                     

                  
               

            

            
                  
                  Table 2

                  
                     
                     Duration
                      
                     of
                      
                     Hospital
                      
                     stay
                      
                     in
                      
                     patients
                     
                  

               

               
                     
                        
                           	
                              Hospital stay in days
                        
                        	
                              3-5 days
                        
                        	
                              5-7 days
                        
                        	
                              >7 days
                        
                     

                     
                           	
                              Males
                        
                        	
                              10 (30.3%)
                        
                        	
                              20 (60.6%)
                        
                        	
                              3 (9.1%)
                        
                     

                     
                           	
                              Females
                        
                        	
                              8 (34.8%)
                        
                        	
                              14 (60.9%)
                        
                        	
                              1 (4.3%)
                        
                     

                     
                           	
                              Total
                        
                        	
                              18 (32.1%)
                        
                        	
                              34 (60.7%)
                        
                        	
                              4 (7.1%)
                        
                     

                  
               

            

            Mean hospital stay duration was 5 ±3 days. Most of the patients in study discharged in 5-7 days of admission in hospital.

            
                  
                  Figure 1

                  
                     
                     
                        Ferritin
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            The mean serum ferritin levels among the patients with DHF were raised than those with DF with significant p-values of< 0.05
               on Day 5,6 of illness. At follow- up 3-4 weeks after discharge from the hospital in both the patients with DF and DHF were
               similar, and in the normal range. 
            

            
                  
                  Figure 2

                  
                     
                     
                     Comparison
                      
                     of
                      
                     mean
                      
                     serum
                      
                     ferritin
                      
                     levels
                      
                     after
                      
                     onset
                      
                     of
                      
                     fever
                      
                     between
                      
                     patients
                      
                     with
                      
                     DF
                      
                     and
                      
                     DHF
                      
                     grades
                      
                     per
                      
                     day
                      
                     of
                      
                     illness.
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            To predict the clinical expression of DHF, a cut-off level for ferritin in serum is of 1.200 ng / ml was used. During days
               5, 6, and 7 after the onset of fever, the results for sensitivity were 83, 86, and 92 per cent respectively.
            

         

         
               Discussion

            Ferritin is an acutephase reactant, and monocytes, macrophages, and hepatic cells contain a large amount. It has been shown
               that cytokines and iron can induce ferritin synthesis. [7] We showed that a proinflammatory cytokine profile had been associated with increased levels of ferritin. In present study
               out of 56 children mean age of the children was 11.5 years and SD 3.5 years, and 59% were male the majority of the patient
               were male. Similar to S. Selvamuthukumaran study the majority of patients belonged to the male gender 59.19 % (n = 87). [8] A research done at Singapore revealed that PCR + patients with fever due to dengue virus were male (71percent). [9] 
            

            Mean hospital stay duration was 5 ±3 days. Most of the patients in study discharged in 5-7 days of admission in hospital.
               Our study is similar with Wathanee Chaiyaratana et al study of with men hospital stay of 5+2 days. Fever, the majority of
               the patient was also male. The clinical presentation and duration of hospital stay and seasonal variation in our study was
               In a Lahore based study, regarding dengue comparable with similar studies. He mean hospital stay was 2.73±1.41 days as observed
               by Ahmed et al, and 3.7±1.02 days in a study conducted in Rawalpindi. [10] 
            

            In present study mean levels of serum ferritin among the patients with DHF were raised than those with DF with significant
               p-values of< 0.05 on Day 5 of illness, Day 6 of illness. All these severe dengue patients had substantially raised serum ferritin
               levels upon admission to the hospital. (> 500 ng /dl). Prompted us and helped us in keeping these patients under critical
               hemodynamic monitoring and surveillance from day 1 of admission to our study. The same has been shown in numerous foreign
               studies. [5]

            Another study carried out in one hundred and seventy-seven Thai children evaluating ferritin levels in serum during the clinical
               course showed similar findings. [6] Increased serum ferritin was associated with severe dengue; patients with non-severe dengue had serum ferritin levels less
               than 1,200ng/ml during the entire course of illness, while severe forms recorded raised levels of ferritin in serum in the
               febrile stage and the defevervescence stage. Patients with dengue haemorrhagic fever (DHF) grade III and IV had significantly
               higher median ferritin levels measured on day 5,6 and 7 of illness than those with grade I, II DHF and dengue fever. In that
               study it was concluded that serum ferritin level ≥1,200ng/ml from day 4 of the illness predicts the occurrence of dengue haemorrhagic
               fever. 
            

            In a study conducted in South India by Soundravally R et al, [11] which included 48 dengue cases and 48 cases with other febrile illness as controls, serum ferritin levels were measured on
               the day of admission (which is a median of 4 days after the onset of fever) and day of defervescence. Compared to other febrile
               illnesses, dengue cases demonstrated significant increase in serum ferritin levels; also within clinical groups, severe disease
               exhibited higher ferritin levels compared to non-severe group throughout the febrile and defervescence stages of illness (940.09±568.31
               in non-severe cases vs. 1264.71±492.59 in severe dengue on day of admission; 418.19±404.59 vs. 1490.74±359.40 on day of defervescence)
               The study concluded that raised serum ferritin levels could predict the severity of dengue with a sensitivity and specificity
               of 76.9% and 83.3% respectively. The present study also showed similar results; hyperferritinemia was noted in severe cases
               compared to non-severe group from day 4 to day 7 of illness. 
            

            Another study showed significant association between on the day of admission raised serum ferritin levels and severe dengue
               development. [10] Serum ferritin was measured on the day of admission in a total of 104 dengue positive cases and they were grouped into a)
               Group A with normal ferritin levels (up to 100μg/dl) and b) Group B with high serum ferritin levels; both the groups were
               followed up for the occurrence of severe dengue. Severe dengue was noted only in 2 out of 31 patients with normal serum ferritin
               levels while more than half of the patients with severe dengue (35 out of 73) had raised serum ferritin levels. The study
               concluded that serum ferritin can be used as an early marker to predict the severity of the disease. 
            

            Another significant observation made out in the present study was that age had a positive co-relation with the serum ferritin
               levels and the duration of hospital stay while it negatively co-related with the platelet count. This implies that age is
               an important predictor of severity of dengue infection. As age advances, there is increased risk of developing severe disease
               with low platelet count, high ferritin levels and prolonged hospital stay. Studies had shown that elderly individuals are
               at risk of developing severe disease. In a study conducted in Southern Taiwan during a dengue epidemic of 5336 dengue cases,
               the prevalence of dengue haemorrhagic fever and dengue shock syndrome were substantially higher in people 60 years of age
               and above compared to young subjects .12 Coincidental findings were made in a study in Singapore; people over 60 years of age had more extreme dengue occurrence (20.3
               percent vs. 14). [12,13,14]

            Our study show 1,200 ng / ml serum ferritin cut-off level was used to predict the clinical manifestation of DHF. During Days
               5, 6, and 7 after the onset of fever, the results for sensitivity were 83, 86, and 92 per cent respectively. The best cut-off
               level for ferritin was 1291, with 82.6 percent sensitivity and 100 percent specificity. However this is slightly different
               from Ho et al. [15] results, which registered 44 percent sensitivity and 88 percent specificity. Study done by Soundravally R et al. [11] clinched on increased levels of ferritin could predict dengue severity with 76.9 per cent sensitivity and 83.3 per cent specificity
               on the day of admission. Study performed in Aruba and Brazil found that raised levels of ferritin were significantly correlated
               with severity of disease in dengue virus infection. [5] Wathanee Chaiyaratana et al, [6] research findings were 81.5, 84.4 and 89.9 percent respectively for sensitivity during 5, 6 and 7 days of the disease after
               the onset of fever.
            

            To predict progression to DHF, the cut-off level of serum ferritin is 1.200 ng / ml has an increased sensitivity but a decreased
               specificity. In subjects with DHF grades three and four, this could be skewed by the few cases that appeared on Days 2 or
               day 3 of the sickness. DHF's early diagnosis is beneficial in order to provide sufficient medical treatment for a better outcome.
            

         

         
               Conclusion

            Serum ferritin levels taken on admission can serve as a reliable and cost- effective biomarker in the assessment and in predicting
               the severity of dengue fever. The Serum ferritin levels can also help as an adjunct investigation in delineating the spectrum
               of dengue suspected patients. Serum ferritin levels may help in identifying an uncomplicated dengue illness, from that of
               patients who may require inpatient admission / intensive critical care . The existence of increses ferritin above normal in
               patients infected with dengue virus is suggestive of highly active disease which results in immune activation and coagulation
               disorders. Therefore we suggest close evaluation of patients with hyperferritinaemia.
            

            The use of a serum ferritin level alone of 1,200 ng / ml ought to be advised as a method for predicting progression to DHF
               starting on Day 4 of the disease and continuing to recover. We conclude therefore that the level of serum ferritin may be
               used to track and predict the incidence and outcome of dengue fever.
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