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Abstract---Background: Ferritin is an acute-phase reactant and
highly expressed by cells of the reticulo-endothelial system in
response to infection and inflammation. Hyperferritinaemia is a
hallmark of diseases characterized by extensive immune activation
such as malignancy or viral infection, including dengue. Aims and
Objectives: To find out if serum ferritin levels can predict the severity
of dengue early. Material and Methods: Study design: This was a
single centre, prospective observational study done on 50 patients
with positive NS1Ag or dengue antibody serology Ig-M and are
admitted in Paediatric ward or in Paediatric ICU during study period
(December 2019 - May 2021) in tertiary care centre, Karad. Enrolled
patients underwent serum ferritin level analysis at time of admission.
Serum ferritin levels were later compared with the severity of the
dengue disease (According to WHO dengue classification 2009).
Statistical Analysis: Data was analyzed using computer software,
SPSS-v21, DeLong et al (1988) and Binomial exact. Data was
expressed in frequency and percentage as well as mean and standard
deviation. A p<0.05 was taken as significant. Results: The mean
serum ferritin levels were 298.59 + 147.48 ng/ml in DF without
warning signs, 370 £ 230.58 ng/ml in DF with warning signs, 1101.41
t 426.64 ng/ml in severe dengue (p<0.05). Mean serum ferritin levels
on day 1-3 was 299.50 * 185.01 ng/ml in DF without warning signs,
258 + 93.18 ng/ml in DF with warning signs, 1049 * 500.17 ng/ml in
severe dengue (p<0.001).Mean serum ferritin levels on day 4-5 was
304.33 + 97.48 ng/ml in DF without warning signs, 379.71 £ 176.87
ng/ml in DF with warning signs, 1193 * 434.16 ng/ml in severe
dengue (p<0.001).Mean Serum ferritin levels on day 6-7 was 236 £ 0
ng/ml in DF without warning signs, 571.33 £ 429.48 ng/ml in DF
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with warning signs, 1133 £ 418.80 ng/ml in severe dengue (p>0.05).
Conclusion: According to our study serum ferritin levels can be used
as an early predictor of severity of dengue, especially with in first 5
days of onset of symptoms. A cut of > 423 ng/ml had a sensitivity of
100% and specificity of 81.58% to differentiate between severe and
non-severe dengue fever from our study.
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Introduction

Dengue fever (DF) is a major public health problem with 50 million annual cases
worldwide. It has been reported in more than 100 countries and continues to
spread to previously unaffected regions.[!l It is an arboviral fever caused by the
dengue virus. It is caused by 5 serotypes of Dengue virus namely DENV1, DENV2,
DENV3, DENV4, DENV-5 and is transmitted to human beings by the bite of Aedes
mosquitoes. 2 Bl Infection with any serotype usually results in asymptomatic
infection or mild non-specific febrile illness, but in a subset of patients, severe
disease develops, characterized by a transient capillary leakage syndrome (dengue
haemorrhagic fever/ DHF).[¥] Immunity of host plays an important role in dengue
fever pathogenesis.l5l The exact mechanism of different clinical manifestations of
dengue is not clearly understood till date. Most accepted theory is virus strains of
secondary infection causing increased antibody and memory T-cells production
resulting in cytokine storm.[®l Other theories considered are shift to Th 2 response
in severe dengue from Th 1 response in mild dengue.[”l These finally result in
haemorrhage and shock due to damage of endothelium, platelets and various
organs leading to vasculopathy and coagulopathy.[8 This unpredictable disease
course and the need to differentiate DF from other causes of fever to make an
early and sensitive diagnosis of acute dengue virus infection is thus important.
Other arboviral diseases present in India include Japanese Encephalitis,
Chikungunya, and Kyasanur Forest Disease but dengue fever remains the most
common cause of the arboviral epidemic outbreak.®! The case fatality rate of
dengue is 1% while the fatality rate is as high as 3-5% in certain sections of rural
India.l’9 The clinical features of dengue fever can be explained by endothelial
damage and capillary leakage due to increased capillary permeability.l51 In
addition to the current laboratory markers for dengue, serum ferritin levels were
described to be associated with clinical disease severity in children. In many
cases ferritin levels higher than 500 pg/L were detected, defined as
hyperferritinaemia. Ferritin is an acute-phase reactant and highly expressed by
cells of the reticulo-endothelial system in response to infection and
inflammation.!l'!l Ferritin binds iron, limiting its availability in the circulation.
Because many pathogenic microorganisms need iron for their proliferation, this
mechanism is favourable for the host. Moreover, iron deficiency enhances the
immunological performance of lymphocytes, neutrophils and macrophages.
Hyperferritinaemia is a hallmark of diseases, characterized by extensive immune
activation, including hemophagocytic lymphohistiocytosis (HLH) and macrophage
activation syndrome (MAS).['1l HLH can be congenital or triggered by an external
stimulus, such as malignancy or viral infection, including dengue. NK cells and
CD8+ T lymphocytes are impaired in their cytotoxic function in patients with
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HLH, which results in reduced clearance of infected and antigen-presenting cells
from the circulation. This may lead to an exaggerated immune response with
proliferation of dendritic cells, tissue macrophages and T-cells, contributing to a
cytokine storm. [11]

Material and Methods

Aim and objectives: To find out if serum ferritin levels can predict the severity of
dengue early. Study design: This was a single centre, prospective observational
study done on 50 patients with positive NS1 antigen test or dengue antibody
serology for Ig-M and are admitted in Paediatric ward or in Paediatric ICU during
study period (December 2019 - May 2021) in tertiary care centre, Karad. The
study was approved by institutional ethics committee before initiation (IEC
protocol number: 195/2019-2020). Inclusion criteria: Children with positive NS1
antigen test or dengue antibody serology for Ig-M were included in the study.
Exclusion criteria: Fever with any other causes who did not fit inclusion criteria
and child with preexisting hematological disorders and iron load status were
excluded from the study. Method of collection of data: Children admitted in
Krishna Hospital with positive NS1 antigen test or dengue antibody serology for
Ig-M between the age group of 2 months to 14 years and fulfilling inclusion and
exclusion criteria were included in this study. Dengue serology was sent for all
those who had come with complaints of fever and clinical features suggestive of
dengue. Diagnosis of dengue was made on the basis of NS1 antigen positivity
and/or detection of IgM antibodies using a commercially available one-step
immunochromatographic assay. Demographic profile, day of illness at time of
presentation and relevant information have been collected using a structured
proforma by interviewing the parents of the participants. Clinical presentation on
admission was noted and complete blood counts (CBC) and serum ferritin levels
were sent on admission. This is followed by daily vitals monitoring and watching
for bleeding manifestations if any and any other complications. CBC was done
every alternative day from day of admission till day of discharge/death or CBC
was done if any bleeding manifestations were noted or clinically indicated. Serum
ferritin levels were sent only if patients were presented within 7days of onset of
symptoms. Serum ferritin levels were done by IMMULITE, a solid phase enzyme
labeled chemiluminescent immunometric assay. The solid phase (bead) is coated
with monoclonal murine anti-ferritin antibody. The liquid phase consists of
alkaline phosphatase (bovine calf intestine) conjugated to polyclonal goat anti-
ferritin antibody. The patient sample and the reagent are incubated together with
the coated bead for 30 minutes. During this time, ferritin in the sample forms the
antibody sandwich complex with monoclonal murine anti-ferritin antibody on the
bead and the enzyme conjugated polyclonal goat anti-ferritin antibody in the
reagent. Unbound patient sample and enzyme conjugate are then removed by
centrifugal washes. Finally, chemiluminescent substrate is added to the test unit
containing the bead and the signal is generated in proportion to the bound
enzyme. Enrolled patients were classified into DF without warning signs, DF with
warning signs and severe dengue based on clinical and lab parameters according
to WHO dengue classification 2009.[121 Serum ferritin levels were later compared
among non-severe dengue cases (DF without warning signs and DF with warning
signs) and severe dengue cases. We also compared serum ferritin levels based on
day of illness with respective to severity of the disease. Statistical analysis: Data
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was analyzed using computer software, Statistical Package for Social Sciences
(SPSS), DeLong et al (1988) and Binomial exact. Data was expressed in frequency
and percentage as well as mean and standard deviation. To elucidate the
associations and comparisons between different parameters, Chi square (x2) test
was used. A p <0.05 was taken as significant.

Results

A total of 50 children with positive NS1 antigen test and or dengue antibody
serology for Ig-M and who were admitted in our hospital during the study period
from December 2019 to November 2021 were included in this study. In our
prospective observational study, the mean serum ferritin levels were 298.59 *
147.48 ng/ml in DF without warning signs, 370 = 230.58 ng/ml in DF with
warning signs, 1101.41 * 426.64 ng/ml in severe dengue. This observation was
statistically significant (p<0.05). [Table 1] [Figure 1]

Table 1
Mean serum ferritin levels

DF without DF with Warning Severe dengue p value
warning signs signs (n=16) (n=12)
(n=22)
Mean SD Mean SD Mean SD

Serum 298.59 147.48 370 230.58 | 1101.41 | 426.64 | <0.0001*
ferritin
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Figure 1. Mean serum ferritin levels
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Mean serum ferritin levels on day 1-3 was 476.70 + 432.65 ng/ml, on 4 — 5 days
was 432.38 * 323.24 ng/ml and on 6-7 days were 810.25 *+ 508.89 ng/ml. [Table
2] [Figure 2]

Table 2
Day of illness and mean serum ferritin levels
Day of illness Ferritin (Mean * SD)
1 - 3 days (n=24) 476.70 + 432.65
4 - 5 days (n=18) 432.38 + 323.24
6 — 7 days (n=8) 810.25 + 508.89

Day of illness and mean serum ferritin levels
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810.25
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500 476.7
432.38

400
300
200
100

0

1 -3 days (n=24) 4 -5 days (n=18) 6— 7 days (n=8)

Figure 2. Day of illness and mean serum ferritin levels

Serum ferritin levels were significantly higher (p<0. 001) in severe dengue group
when compared with non-severe dengue group in 1-3 days (1049 £ 500.17 ng/ml
vs 299.50 £ 185.01 ng/ml and 258 + 93.18 ng/ml) and 4-5 days of day of illness
(1193 * 434.16 ng/ml vs 304.33 + 97.48 ng /ml and 379.71 + 176.87 ng/ml).
Even though serum ferritin levels were higher in severe dengue group after 5 days
of illness (1133 + 418.80 ng/ml in severe dengue vs 236 + 0 ng/ml and 571.33 £
429.48 ng/ml in non-severe group), this observation is not statistically
significance with respective to severity of disease in our study (p=0.17). [Table 3]
[Figure 3]
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Severity of Dengue and serum ferritin levels based on day of illness

Table 3

Day of illness DF W1thqut DF Wlt}.l Wariie  gevere dengue p value
warning signs signs

1 -3 days 299.50 + 185.01 258 +93.18 1049 + 500.17 <0.001*

4 - 5 days 304.33 £97.48 379.71 £ 176.87 1193 + 434.16 <0.001*

6 — 7 days 2360 571.33 £ 429.48 1133 £ 418.80 0.17

Severity of dengue and serum ferritin based on day of
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Figure 3. Severity of Dengue and serum ferritin levels based on day of illness

In our study by using ROC analysis curve, we got a cut of value of > 423 ng/ml
that had a sensitivity of 100% and specificity of 81.58% to differentiate between
severe and non-severe dengue fever. [Table 4] [Figure 4] [Table 5]

Table 4

A receiver-operator characteristic curve analysis of ferritin and severity of dengue

Area under the ROC curve (AUC)
Standard error 2

95% Confidence interval b

z statistic

Significance level p (Area=0.5)

a DeLong et al., 1988, b Binomial exact

0.969

0.0211

0.877 to 0.998
22.293
<0.0001
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Figure 4. A receiver-operator characteristic curve analysis of ferritin and severity

of dengue. Area under the ROC curve values of 0.969 (95% CI:0.877-0.998), Cut-
off value 423 ng/mL, sensitivity 100% specificity 81.6%

Table 5
Youden index

Youden index J 0.8158

Associated criterion >423

Sensitivity 100.00

Specificity 81.58
Discussion

In this study we evaluated patients with dengue fever presenting as inpatients in
paediatric ward or PICU of a tertiary care centre in an urban setting to find out if
serum ferritin levels can be used as an early marker for predicting severity of
disease in dengue patients. The mean serum ferritin levels in our study were
298.59 + 147.48 ng/ml in DF without warning signs, 370 = 230.58 ng/ml in DF
with warning signs, 1101.41 + 426.64 ng/ml in severe dengue. This observation
was statistically significant (p<0.05). Similarly, study done by Chandrashekar M et
al reported the use of ferritin level in serum >1,200 ng/ml as a method for
predicting progression to DHF starting on Day 4 of the disease.[!3] Chaiyaratna et
al conducted a study to evaluate the levels of ferritin, an acute-phase reactant, in
predicting the risk of dengue haemorrhagic fever (DHF) in patients with dengue
infection. Study included one hundred seventy-seven Thai children (100 males,
77 females), 4-16 years old (median age 11 years) with DF (n = 44) and DHF (n =
133). The results reveal that sensitivities on days 5, 6 and 7 of illness were 81.5,
84.4 and 89.9%, respectively, and the specificities were 42.4, 39.0 and 36.4%,
respectively. High serum ferritin levels > or = 1,200 ng/ml may be a predictor of
dengue haemorrhagic fever.l'4In 2017, Roy Choudhary et al conducted a study to
evaluate ferritin as a surrogate marker for dengue infection where 30 cases of
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clinically and serologically confirmed dengue fever were included. Ferritin level in
dengue cohort was significantly higher than the infective or inflammatory etiology
(OFI) group. The best cut-off for ferritin level to differentiate dengue from OFI was
found to be 1291 ng/ml. The sensitivity at this cut-off is 82.6% and the specificity
at this cut-off is 100%.[7-In a study conducted in South India by Soundravally R
et al, which included 48 dengue infected 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
(which is a median of 4 days after the day of admission). 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 ng/ml in non-severe cases vs. 1264.71 £ 492.59 ng/ml
in severe dengue on day of admission; 418.19 + 404.59 ng/ml vs. 1490.74 =
359.40 ng/ml 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.[!5 Similarly, our study also showed significant
difference between non severe group and severe dengue group. Mean serum
ferritin levels in our study on day 1-3 of illness was 476.70 + 432.65 ng/dl, on 4 -
S days of illness was 432.38 + 323.24 ng/dl and on 6-7 days of illness was 810.25
+ 508.89 ng/dl. Mean serum ferritin levels of severe dengue group in first 5 days
of illness (1049 % 500.17 ng/ml and 1193 * 434.16 ng/ml) were significantly
higher than in non-severe dengue groups (299.50 + 185.01 ng/ml, 258 + 93.18
ng/ml, 304.33 + 97.48 ng/ml and 379.71 * 176.87 ng/ml) in our study and this
is of statistically significance with p<0. 001 suggesting that serum ferritin levels
can be used as an early marker for predicting severity of dengue with in first 5
days from onset of illness. Even though mean serum ferritin levels were higher
after 5 days of illness in severe dengue group (1133 * 418.80 ng/ml) when
compared to other groups (236 ng/ml and 571.33 * 429.48 ng/ml) this
observation is not statistically significance.

Present study Petchiappan V et al [16]
Day 1-3 1049 £ 500.17 -
Day 4-5 1193 £+ 434.16 2000
Day 6-7 1133 £418.80 2000

In the present study, a cut off of serum ferritin >423 ng/ml had a sensitivity of
100% and specificity of 81.58% to differentiate between mild and severe dengue.
Chaiyaratna et al study reported that high serum ferritin levels > or = 1,200
ng/ml may be a predictor of dengue haemorrhagic fever.l'l Roy Choudhary et al
reported that serum ferritin of 1291 ng/ml is best to differentiate between dengue
and OFI with a sensitivity of 82.6% and specificity of 100%.[71 The lower serum
ferritin values for diagnosing severity of dengue disease according to our study is
might be because of higher sensitivity value that we have considered in this study
when compared to other studies. Suresh et al in their study reported that on D1,
the serum ferritin level was a "good" predictor of severe dengue, with an area
under the curve (AUC) of 0.863 with standard error (SE) = 0.043 and a 95% CI
from 0.778 to 0.947 (P < 0.05). On D4, serum ferritin was an "excellent" predictor
of severe dengue, with an AUC of 0.947 with SE = 0.021 and a 95% CI from 0.907
to 0.988 (p<0.05).117]
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Conclusion

According to our study serum ferritin levels can be used as an early predictor of
severity of Dengue especially with in first 5 days of onset of symptoms. A cut of >
423 ng/ml had a sensitivity of 100% and specificity of 81.58% to differentiate
between severe and non-severe Dengue fever from our study.
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