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ABSTRACT

Introduction: Severe dengue, which poses significant risks of both mortality and morbidity, lacks any specific an-
tiviral therapy, underscoring the urgency for predictive biomarkers. Hyperferritinaemia observed in severe cases is
thought to stem from excessive activation of monocytes and macrophages. This study aimed to determine factors
associated with hyperferritinaemia in hospitalised patient with severe dengue. Materials and methods: A retro-
spective cross-sectional study was done among patients who were admitted to Hospital Kuala Lumpur with severe
dengue in 2017 and 2018. Electronic patient demographic and laboratory data were recorded and analysed.
Results: Hyperferritinaemia was observed in 69.2 % of the study population. Gender was significantly associated
with ferritin status in severe dengue with significantly higher median ferritin levels in males compared to females.
Thrombocytopaenia, raised aspartate transaminase (AST), alanine transaminase (ALT) and haematocrit (HCT) were
significantly associated with hyperferritinaemia. Stepwise multilinear regression analysis found that only AST and
HCT remained significantly associated with serum ferritin levels, explaining 59.5% of the variance (R= 0.595) in
severe dengue patients. An increase of 1 U/L in AST is associated with a 9.54 pg/L increase in serum ferritin (95%
Cl: 8.03-11.04), while an increase of 1% in HCT corresponds to a 212.52 pg/L increase in serum ferritin (95% CI:
72.42-352.61). Conclusion: This pilot study found a lower prevalence of hyperferritinaemia compared to previous
Asian studies. AST and HCT were independent predictors of serum ferritin in severe dengue patients, highlighting its
importance as a biomarker for assessing dengue severity.
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INTRODUCTION

Severe dengue is associated with high mortality and
morbidity. Currently, there is no antiviral treatment
for dengue. As such, there is an imminent need for
biomarkers that can predict dengue severity. This is
of utmost importance during the defervescence phase
for those patients with non-severe infection that are
anticipated to progress into severe dengue (1). This will
in turn result in effective disease management.

Ferritin, an acute phase reactant, is produced and secreted
by hepatocytes. During an acute phase response, its
levels increase. However, ferritin can also be released

by macrophages and cancer cells. Its functions include
intracellular iron sequestration and storage abilities
during immune activation, which is important for
protection against microbial spread, oxidative damage,
inflammation, and malignancy (2). Haemophagocytic
lymphobhistiocytosis (HLH) or macrophage activation
syndrome is an uncommon occurrence of severe dengue
and has been increasingly reported with markedly raised
serum ferritin level (3-5).

Several studies have supported the role of ferritin as a
predictor of severe dengue (3-5). However, there was
only one study that demonstrated significant associations
between hyperferritinaemia as a marker of dengue
severity with thrombocytopaenia, elevated liver enzymes
and coagulation disturbance (6). In Malaysia, studies
regarding predictive biomarkers of dengue severity
have been done. Ab-Rahman et al. demonstrated that
ferritin and sCD136 were biomarkers for severe dengue
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but did not show the association of serum ferritin with
routine laboratory investigations i.e., platelets and liver
enzymes (7). Md-Sani et al. also published a study on
mortality prediction among patients with severe dengue
hospitalised at Hospital Kuala Lumpur (HKL) in 2014.
Their conclusion suggests that the optimal predictive
model for mortality, established at the time of severe
dengue diagnosis, incorporates serum bicarbonate
and alanine transaminase (ALT) levels obtained at that
juncture (8). However, serum ferritin was not included
in their study. Hence, this study aimed to examine the
relationship between serum ferritin levels and routine
laboratory investigations done in dengue patients
[platelets, haematocrit (HCT) and liver enzymes [ALT
and aspartate transaminase (AST)] in predicting dengue
severity, highlighting ferritin’s importance as a prognostic
marker. Identifying such predictive biomarkers is crucial
for enabling early interventions and treatment strategies
to reduce morbidity and mortality from dengue.

MATERIALS AND METHODS

Study population

This retrospective, cross-sectional study was conducted
in the Pathology Department, HKL using data of patients
admitted with severe dengue from 1% January 2017 to
31 December 2018. This hospital was selected as it is a
tertiary healthcare centre serving large community areas
in the Klang Valley. The study employed a convenient
sampling approach. The sample size was determined
utilising the following formula:

221-a/2p(1 _p)

n=
d2
1.96? X 0.07(1-0.07)
n=
0.052
n= 101 patients

where z = confidence level at 95% (standard value of
1.96); a = level of significance; p = incidence of severe
dengue among all dengue cases = 7% (9); d = margin of
error at 5% (standard value of 0.05).

The study cohort comprised adult individuals aged 18
years and older, admitted to the medical or dengue
wards in HKL diagnosed as severe dengue by the
attending clinician with confirmed dengue-seropositive
results (positive NS-1 Antigen, dengue IgM and dengue
IgG in combination or positive on its own). Inclusion
criteria also included availability of serum ferritin, ALT,
AST, platelets and HCT results. Clinical diagnosis of the
disease was based on the 3 Edition of the Malaysian
Clinical Practice Guidelines (CPG) Management of
Dengue Infection in Adults (10). Confirmed cases of
chronic inflammatory disease, patients with recent blood

transfusion, iron metabolic disorder, liver cirrhosis,
platelet disorders and red cells disorders were excluded.

Data collection

Data of 120 patients who had been notified as severe
dengue in HKL from 1% January 2017 to 315 December
2018 were obtained from the Public Health Unit of
HKL. Patient demographic data (age, gender, and
ethnicity) was extracted and documented into the
Proforma. Laboratory data on admission, encompassing
serum ferritin, liver enzymes (ALT, AST), platelets,
and HCT were obtained electronically. Access to the
Proforma was restricted to researchers to uphold patient
confidentiality. Each patient was assigned a unique
code number for identification purposes. Approval for
this study was obtained from the Director of HKL [CRC
HKL Registration Number: HCRC. 1IR-2017-12-269]
and the Malaysian Research Ethical Committee (MREC)
Ministry of Health [ref letter: (5) KKM/NIHSEC/P18-
78(6)], (NMRR 17-2809-38412).

Laboratory investigations

Serum ferritin was measured by
electrochemiluminescence immunoassay method on
the automated Cobas 6000 analyser (Roche Diagnostics
GmbH, Mannheim, Germany), while serum ALT and
AST activities were measured by kinetic UV method on
the automated biochemistry analyser Cobas 8000 (Roche
Diagnostics GmbH, Mannheim, Germany). Platelets and
HCT were measured by fluorescent flow cytometry on
the automated haematology analyser Sysmex XN-1000.
Hyperferritinaemia in this study was defined as serum
ferritin of more than 500 pg/L, according to diagnostic
criteria of HLH (11). All methods followed the standard
operating procedures of the Chemical Pathology
Laboratory at HKL and met both internal quality control
and external quality assessment standards. Laboratory
analyses were closely monitored to ensure precision and
accuracy.

Data analysis

Statistical analyses were conducted using the IBM
SPSS Statistics software package, Version 25.0, by IBM
Corp. in Armonk, NY. A significance level of p <0.05
was considered statistically significant. Non-parametric
methods were employed for data analysis. Categorical
variables were presented as frequencies and percentages,
while continuous variables were described using median
and interquartile range (IQR). The association between
demographic factors and laboratory parameters with
hyperferritinaemia was assessed using Chi-square test
or Fisher’s exact test and Mann-Whitney U test for
categorical and continuous variables, respectively.
Linear regression analysis was performed to examine the
linear relationship of significant variables with serum
ferritin among study population. Subsequent multilinear
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regression analysis was done to determine independent
predictors of serum ferritin.

Table 11: Association of demographic factors and laboratory
parameters with serum ferritin

L Normo-
Hyperferriti- ferriti-
RESULTS Vari- naemia . 2a p val-
ables (n=83) ?2:217';1 X ue”
Table 1 shows the demographics and laboratory n (%) n (%)
parameters of the study subjects. Most subjects were Age 31 (24 24197 0.105 0.746
female (70.0%), Malay (73.3%) between 18 to 59 years (years) ~ 18-59 73(88.0)  34(91.9)
0, H H —_
o:j (8/2.2 %), with aMmIedlan lag(jg of 29 (IQR E 25) year; 60 10 (12.0) 38.1)
old. Among non-Malays, Indians were the secon Race  Malay 65(78.3)  23(62.2) 3.414 0.065
highest ethnicity (16.7%) followed by Chinese (5.8%)
and others (4.2%) [data not shown]. Majority of the Non- 18(21.7)  14(37.8)
subjects were Malaysian. The median levels of serum Malay
ferritin, AST and ALT were above the reference interval. ~ Gender  Male 32(38.6)  4(10.8) 9.380 0.002
The median and mean for platelet and HCT, respectively Female 51(61.4)  33(89.2)
were below the reference interval. Nation- Malaysian 78 (94.0) 37 (100.0) 0.322
ality
Table I: Demographic factors and laboratory parameters of Non- 5 (6.0) 0(0.0)
study population Malaysian
Demographic (n=120) Labo-  Hyperfer-  Normoferriti- z° p val- Refer-
factors N (%) ratory ritinaemia naemia ue” ence
param- (n=83) (n=37) inter-
?ge( 2(g)e*ars) eters val™
18 10 59 years 107 (89.2) Platelet 61 (73)’ 132 (84) 4919 0.001 150 -
60 years and above 13(10.8) (:1(|-))3/ 410
/S\4Gaxle 16 30,0 AST 1342547  38(38) 5791 0.001 <51
: L
Female 84 (70.0) b
Race ALT 99 (166) 25 (29) -6.104  0.001 <42
Malay 88 (73.3) (L)
Non-Malay 32 (26.7) HCT  36=6" 346 -2.404  0.016 Male:
Nationality v I?eorr:a?eo'
Malaysian 115 (95.8) 36 - 46
Non-Malaysian 5(4.2)

Laboratory

Results Reference interval™
parameters

L. 1189.00 Male: 30 — 400
Feritin (ig/L) (2707.90)° Female: 13 — 150
Platelet (10%/pL) 92.50 (91.00) 150 - 410
AST (U/L) 96.00 (151.00) <51
ALT (U/L) 67.50 (116.00) <42
HCT (%) 35.40 = 5.08" Male: 40 - 50

Female: 36 — 46

AST: Aspartate transaminase; ALT: Alanine transaminase; HCT: Haematocrit; ‘Median (IQR);
“Mean +SD
" Reference interval used in Hospital Kuala Lumpur

The association of demographics and laboratory
parameters with serum ferritin status is demonstrated
in Table II. Hyperferritinaemia was observed in
69.2% of the study population. The median levels
of ALT, AST and mean HCT were significantly higher
in the hyperferritinaemia group compared to the
normoferritinaemia group. The median platelet, however,
was significantly lower in the hyperferritinaemia group.
Gender was significantly associated with ferritin status
in severe dengue (p=0.002) [Table ] with significantly
higher median ferritin levels in males compared to
females (p=0.001) [Table III].

AST: Aspartate transaminase; ALT: Alanine transaminase; HCT: Haematocrit;
"Median (IQR); "Mean + SD; *Chi square test (x2); "Mann-Whitney test (z); “statistical
significance at p <0.05

““Reference interval used in Hospital Kuala Lumpur

Table IlI: Association of serum ferritin with gender

Female
Male ('3_36) (n=84) p value® Reference
Median . z . "
(IQR) Median interval
(IQR)

Fer- Male: 30
L 2000.0 794.9 - 400
(”;'/'E) (100283)  (1690.1) >4 0001 b e
H 13-150

*Mann-Whitney test (z), “statistical significance at p <0.05
Reference interval used in Hospital Kuala Lumpur

All variables that exhibited significant associations with
serum ferritin were incorporated into a simple linear
regression analysis, as detailed in Table 1V. Notably,
while gender demonstrated a statistically significant
association with serum ferritin (p <0.05), it was not
included in this regression analysis as male subjects (n =
36) were much lesser in number compared to females (n
= 84) and its inclusion in the prediction model created
an unstable model with large confidence interval (Cl)
[(95% Cl: 1131.88-4199.07) [data not shown]. Single
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linear regression analysis showed significant association
of all laboratory parameters with ferritin. However,
subsequent stepwise multiple linear regression analysis
revealed that only AST and HCT remained significantly
associated with serum ferritin levels, explaining 59.5%
of the variance (R= 0.595) in severe dengue patients.
AST (Beta = 0.741) has a greater influence on serum
ferritin than HCT (Beta = 0.177) [data not shown]. An
increase of 1 U/L in AST is associated with a 9.54 pg/L
increase in serum ferritin (95% Cl: 8.03-11.04), while
an increase of 1% in HCT corresponds to a 212.52 pg/L
increase in serum ferritin (95% Cl: 72.42-352.61) (Table
V).

Table 1V: Factors associated with serum ferritin levels among
study population

] SLR MLR

Vari- I

ables b 95%Cl pvalue* b os%a P

Plate-

let -34.35

Goy 19056 TS0 0015 - . ;

pL)

ALT 6.32

wp 2992 g3 0001 - - -

HCT

(%) 48.39 - 72.42 —
261972 0000 0017 212516 5 0.003

AST 8.11 — 8.03

o 9662 o 0.001 9.536 o, 0.001

SLR; simple linear regression; MLR; multiple linear regression; *statistical significance at
p<0.05; R?=0.595

DISCUSSION

In this study, 69% of study subjects were defined as
hyperferritinaemia that is a serum ferritin level of more
than 500 pg/L (12). This prevalence was relatively low
compared to previous studies among Pakistan (95%)
(13) and Indian populations (100%) (14). Likewise, a
study conducted in Aruba Caribbean Island revealed
an elevated prevalence of hyperferritinaemia, reaching
90.5% among patients with dengue infection, in contrast
to a mere 9.5% among individuals with other febrile
conditions. These results indicate a robust specificity
of 88% and an odds ratio (OR) of 6, indicating that
hyperferritinaemia could potentially serve as a
discriminatory marker between dengue and other febrile
illnesses (6). The discordance in prevalence may be
explained by a higher proportion of females in our study
compared to previous ones.

There was significant difference between gender, AST,
ALT, platelets and HCT between hyperferritinaemia
and normoferritinaemia groups (Table II). Although
the study population was predominantly females,
majority of males (32/36; 88.8%) had hyperferritinaemia
compared to females (51/84; 60.7%) with males having
significantly higher median value of serum ferritin
(2000 pg/L) compared to females (795 pg/L) (Table
[l1). Baseline ferritin levels are known to be higher in

males than in females as evident by the gender-specific
reference intervals used in this study. Serum ferritin is
the reflection of a person’s body iron storage. Its lower
levels in females, especially in the reproductive age
group is due to menstrual blood loss and increment of
iron utilisation during pregnancy (15).

The Malaysian CPG on Management of Dengue Infection
in Adults concluded that there is no correlation between
platelet count and dengue severity (10). However,
various studies found that lower platelet count was
significantly associated with dengue haemorrhagic fever
(16, 17) but not an independent predictor of it (16). In
this study, the median platelet count was significantly
lower in the hyperferritinaemia group compared to the
normoferritinaemia group. This finding was comparable
to other studies (1, 6). Nevertheless, in this study, while
a reduced median platelet count was observed in the
hyperferritinaemia cohort, individuals with normal
ferritin  levels also manifested thrombocytopaenia,
albeit with a comparatively elevated median level
in comparison to the hyperferritinaemia cohort. This
indicates that thrombocytopaenia is a common finding
in dengue infected cases, irrespective of severity (10).
Dengue virus suppresses bone marrow progenitor cell
function thus inhibiting platelet production. Dengue
infection also can cause peripheral platelet consumption
due to disseminated intravascular coagulation and
platelet destruction secondary to anti-platelet antibody
and activation of complement system (18).

The significantly lower median  platelet in
hyperferritinaemia group in this study might be
explained by the relationship between coagulation
and inflammatory processes in severe dengue. In
severe dengue, antibody independent enhancement
and overactivation of T cells are hypothesised as
the cause of excessive generation of cytokines (19).
Hypercytokinaemiastimulates overwhelming production
of serum ferritin from hepatocytes and activated
macrophages (20) and contributes to overactivation
of coagulation and fibrinolysis processes that occur in
severe dengue (18). Activation of coagulation process
leads to binding of von Willebrand factors (VWF) to
platelet surface that further activate platelet aggregation
and peripheral platelet consumption for thrombus
formation. Apart from platelets, other coagulation
markers such as thrombin anti-thrombin complex and
VWF were also shown to be significantly associated with
hyperferritinaemia in dengue cases (6).

Research indicates a significant association between
elevated liver enzymes and severe dengue (6, 16, 17,
21). Direct virus invasion and dysregulated immune
response lead to hepatocellular damage and subsequent
release of serum ferritin as well as AST and ALT from
hepatocytes (22). Dengue is a notable aetiology of acute
viral hepatitis in dengue endemic regions (16). Raised
ALT and AST levels have been linked with bleeding (23).
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Mechanisms of liver injury in dengue infection include
direct virus invasion and replication in hepatocytes,
hypotensive episodes, which lead to ischaemic injury,
immunology injury due to dysregulated immune
response and hepatotoxic effect of medications such
as herbal remedies and acetaminophen (10). Our
study revealed that although both AST and ALT were
significantly associated with serum ferritin level, the
independent predictor for hyperferritinaemia among
study subjects was only AST. A study by Lee et al.
also demonstrated AST as an independent predictor of
dengue haemorrhagic fever (24). Many studies found
consistent findings of higher AST elevation compared
to ALT in severe dengue patients (16, 25, 26). ALT is
primarily expressed by hepatocytes whereas AST is also
expressed by other organs like skeletal muscles, heart,
kidney, brain and red blood cells (22). During dengue
illness, dengue virus might cause acute damage not only
to hepatocytes but also to other non-hepatic tissues that
express AST. This may explain the finding of higher AST
than ALT during dengue infection. As a result of this non-
hepatic tissue damage, individuals with elevated AST
levels were more inclined to be categorised as severe
dengue based on the 2009 WHO dengue classification
(16).

To our knowledge, no previous study has demonstrated
an association between HCT and serum ferritin in
severe dengue patients. A study in Thailand found that
the mean HCT level was significantly higher in severe
dengue compared to non-severe dengue cases (27).
Rising HCT is a marker of plasma leakage. Severe plasma
leakage is one of the diagnostic criteria of severe dengue
diagnosis (10). On the other hand, hyperferritinaemia is
commonly found in severe dengue patients secondary
to dysregulated macrophage activation (12). Hence, the
significant association between these two parameters
indirectly indicate severe dengue. HCT was shown to
be a predictor of severe dengue in studies in Thailand
(OR= 1.34, p<0.05) (27) and India (OR=3.14, p<0.05)
(28). Our study appears to be the first to demonstrate
HCT as an independent predictor of hyperferritinaemia
in severe dengue patients. Dysregulated activation of
monocytes, macrophages and T lymphocytes in severe
dengue has been shown to generate excessive amount
of cytokines. This hypercytokinaemia is an important
contributing factor to both excessive production of serum
ferritin and endothelial dysfunction (29). Endothelial
dysfunction leads to increased capillary permeability
and subsequently increased plasma leakage, which is
reflected by the rising HCT (29). HCT as an independent
predictor of hyperferritinaemia indirectly explains
the pathophysiology of hypercytokinaemia in severe
dengue.

This research presents certain limitations. As it is
retrospective in nature, not all severe dengue cases
included data on serum ferritin. Moreover, serum ferritin
was not tested for every dengue patient in this study;

it was typically ordered by clinicians when HLH was
suspected or as part of routine investigation for anaemia.
This could explain the predominance of female subjects
with a lower median ferritin level. Additionally,
the utilisation of different severity classifications for
dengue in this study compared to previous research
could introduce a potential confounding factor in the
interpretation and comparison of results. Nevertheless,
this study marks the first attempt in Malaysia to assess
the associated factors of hyperferritinaemia in severe
dengue cases. To enhance the validity of our findings,
the sample size should be increased by including
participants from multiple centres to better represent
the Malaysian population. Notably, our study defined
severe dengue based on the classification outlined
in the latest Malaysian CPG (10), which aligns with
the 2009 WHO Dengue Classification and Level of
Severity. This approach contrasts with previous studies
that relied on the 1997 WHO Dengue Classification,
potentially overlooking important clinical features of
severe dengue cases due to its incomplete coverage of
the disease spectrum. Further prospective cohort studies
are warranted to elucidate the role of serum ferritin as
a prognostic marker, aid in risk stratification, and guide
treatment strategies for severe dengue patients.

CONCLUSION

The prevalence of elevated ferritin levels among severe
dengue cases in this study stood at 69.2%, a figure
relatively lower than reported in prior Asian studies.
A notable gender disparity was observed, with males
exhibiting higher median ferritin levels compared to
females. Among severe dengue patients, only AST
and HCT emerged as independent predictors of serum
ferritin. These results highlight the significance of serum
ferritin as a biomarker for assessing the severity of
dengue infection.
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