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Early diagnostic markers in predicting the severity of dengue disease
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Abstract

The aim of the present study was to determine whether the serum ferritin, the biomarker of an acute phase reactant and the
gall bladder wall edema, an early indicator of capillary leakage can predict the severity of dengue fever. This study included
131 patients, who were between the age group of 18—80 years. The patients presented to our department with an acute ill-
ness, within the first four days of high temperature. The statistical analysis of this study was performed by using the Chi-
square and independent Student’s ¢ tests. The diagnostic markers are considered statistically significant, if the serum ferritin
level is higher than 500 ng/ml and the gall bladder wall thickness is more than 3 mm. The present study observed that, 39
patients (89%) who had severe dengue (n=44) revealed a significant gall bladder wall thickening, and this correlation was
significant statistically (p <0.000). It was also observed that, the ferritin levels have a highly significant positive correlation
with the severity of dengue. The severe dengue patients had a mean ferritin level of 9125.34 pg/l, whereas the non-severe
group had 4271 pg/l. This comparison was also statistically significant, as the p value was 0.003. We report that the serum
ferritin levels have a highly significant positive correlation with the severity of dengue. The gall bladder wall edema during
the third and fourth day of the illness was also associated with severe dengue. However, diffuse gall bladder wall thickening
and high serum ferritin levels are also reported in various other conditions and their exact cause have to be determined by
the correlation of associated clinical findings and imaging features.
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Introduction

Dengue is a febrile viral infection, which ranges between
the self-limiting, milder form to the life-threatening, severe
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often fatal (Medin et al. 2005; Carr et al. 2003; Bosch et al.
2002). During the initial days of fever, there will be a win-
dow period in which the IgM antibodies may be negative.
However, the NS1 antigen can still detect the infection of
dengue. At this period, the biochemical and hematologi-
cal parameters, which point towards the other differential
diagnoses, are also absent. If there is a dilemma about the
management, one can use further molecular methods like
RT-PCR and probe based real-time RT-PCR for the early
diagnosis of dengue. The singleplex real-time RT-PCR assay
was recently invented for the pan-dengue virus detection and
quantification (Songjaeng et al. 2022).

Since there is no available treatment for the dengue at
present, it is necessary to develop some prognostic mark-
ers, which can predict the severity of dengue (Deubel et al.
1990). There is marked elevation of serum ferritin levels in
dengue than in other viral or bacterial infections. The higher
serum ferritin level is associated with the severe form of the
disease in the pediatric age group. If the serum ferritin levels
are more than 500 pg/l, it is defined as the hyperferritinemia
(Senjo et al. 2018). The hyperferritinemia is observed in
diseases, which have hyperactivation of the immune system
and activation of macrophages. The elevated serum ferritin
level suggests a greater risk of developing the complica-
tions, as this is associated with the hepatic injury (Zhang
et al. 2021). The serum ferritin level measured either on the
fourth or fifth day of fever, predicts the chances of dengue
infection (van de Weg et al. 2014). The patients of dengue,
associated with the elevated serum ferritin levels have to be
monitored for the severe form of the disease, which leads to
the activation of immune system and abnormal coagulation
(Petchiappan et al. 2019). Ferritin is an acute-phase reac-
tant, which is produced by the macrophages, hepatic cells,
and monocytes (Wang et al. 2010). The high ferritin levels
are associated with the pro-inflammatory cytokine release
(Ruddell et al. 2009). The ferritin binds to the kininogen and
blocks the bradykinin release. It is produced as a defense
mechanism to protect the host. The higher level of serum fer-
ritin is associated with the low platelet count and rising lev-
els of liver enzymes, along with the activation of coagulation
and fibrinolytic systems. It was reported that, some patients
with severe dengue develop symptoms, which are similar to
the hemophagocytic lymphohistiocytosis (HLH), suggesting
a similar pathophysiology (van de Weg et al. 2014).

The dengue dyspepsia syndrome is the next most common
complaint, besides the fever. It is due to the gastric mucosal
and gall bladder wall congestion because of the capillary
leakage of plasma (Adil et al. 2020). The gall bladder wall
thickening is one of the commonly detected ultrasonographi-
cal observation in dengue fever. It has been described that,
ultrasonography is instrumental in screening the patients
progressing to the critical phase of dengue. The ultrasound
can measure the gall bladder wall thickness. However, there
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is paucity of literature in determining, whether the gallblad-
der wall thickness in dengue fever is an early predictor of the
severe form of dengue (Parmar et al. 2017). The ultrasound,
as a prognostic indicator could be used to determine the
patients who are at risk for entering the critical phase of
dengue. Early identification of such patients could improve
the overall case outcomes and enable the more productive
use of hospital resources. However, there are very few stud-
ies performed regarding the relation of gall bladder wall
thickening with the clinical manifestation of severe dengue,
in spite of severe dengue predominating in the hospitalized
patients (Fonseca-Portilla et al. 2021). In this context, the
objective of this present study was to determine whether the
biomarker, serum ferritin and edema of the gall bladder can
predict the severity of dengue fever.

Materials and methods

This was a descriptive study performed in the department
of internal medicine of two different tertiary referral hospi-
tals. This research was scrutinized and approved by the eth-
ics committee of our institution. The written and informed
consent was taken from all the patients of this study in their
preferred language. The calculation of sample size was done
by the sensitivity of ferritin for predicting the severe dengue,
which was 77%, with a precision of 5% (d=0.05). This was
found to be 131 with a confidence interval of 95% as per the
Buderer’s formula. Among the 1200 patients between 18
and 80 years of age, 131 patients who presented to us within
the 4 days of acute febrile illness only were included in this
study. They were qualitatively screened for the detection of
dengue NS1 antigen by rapid immuno-chromatographic test
(NS1 antigen card by J. Mitra & Co Pvt. Ltd). These were
then confirmed with the help of the serological test, dengue
IgM antibody titer by ELISA (PanBio dengue IgM capture
ELISA kit). Those who were found positive were included
in this study. We do this as a part of our protocol at our insti-
tution, as the national guidelines do not accept the dengue
NS1 antigen card test, as the gold standard for the diagnosis
of dengue. This needs to be confirmed by the IgM ELISA.
All the admitted patients had their vitals monitored and
were looked for complications like hypotension, bleeding,
narrow pulse pressure, evidence of capillary leakage in the
form of effusion, ascites and edema. The relevant investiga-
tions were done serially on case to case basis. The ‘H’ score
was calculated, which is a predictor of hemophagocytic lym-
phohistiocytosis. Either on the third or fourth day of fever,
the serum ferritin level (electrochemiluminescence immu-
noassay analyser, ECLIA, Cobas 6000, Roche company) and
the edema of gall bladder were checked. The same radiolo-
gist performed all the ultrasound abdomen examinations,
to avoid the inter observer bias. The serum ferritin level is
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considered as high if it is more than 500 ng/ml (Senjo et al.
2018) and more than 3 mm of gall bladder wall thickness
was considered as the significant edema (Adil et al. 2020).
This study did not include the controls as the serum ferritin
levels, and ultrasound abdomen were not done in other cases
of fever, which were negative for the NS1 antigen card test.
These were not performed as they would incur additional
costs to the patients, and this was not a funded research. This
can be considered as one of the limitations of this study, as
the correlation between the controls and cases with respect
to the serum ferritin levels, and ultrasound abdomen was not
performed. The statistical analysis of the data was performed
by using the independent Student’s ¢ test and Chi-square test.
The comparison was considered statistically significant if the
‘p’ value is smaller than 0.05.

Results

All the 1200 patients, who presented to us were between 18
and 80 years of age, and 131 of these patients were taken
into consideration as they presented within four days of
fever and were confirmed to have dengue by the serological
test dengue IgM antibody by the ELISA. The demographic
details of the patients of this study is represented in Table 1.
The highest number of dengue patients belonged to the
working-age group and males, between the age group of
31 and 60 years (n=131, 62.6%). Majority of the patients
presented to us within the 3 days of fever (n=131, 51.9%)
at the time of admission. Among the 131 laboratory-con-
firmed cases, 44 (33.6%) were grouped as severe dengue
cases as per the definition by the WHO, and the remaining
87 (66.4%), were non-severe dengue cases. The majority of

Table 1 Baseline characteristics of dengue patients (n=131)

Baseline characteristics Number Percentage  Severe den-
(n=131) gue (n=44)

Age group (years)

<30 42 32.1 13

31-60 82 62.6 26

> 60 7 53 5

Sex

Male 83 63.4 25

Female 48 36.6 19

Hospital stay

3-5 74 56.5 18

6-8 49 374 23

>8 8 6.1 3

Duration of fever (days)

Day 3 68 51.9 22

Day 4 63 48.1 22

severe dengue cases were aged between 31 and 60 years, and
63.4% of them were males.

The present study observed that, most of the patients
were discharged from the hospital within the 5 days after
the inpatient admission (n=131, 56.5%). However, the mean
duration of hospital stay of severe dengue cases was between
6 and 8 days.

Table 2 shows the correlation between the severity of
dengue and various complications observed at the time of
admission. The number of patients who developed more
than one complication were 13 (29.5%). The serositis was
found to be the most common complication among them
(24.4%). There was a significant association (p <0.005)
between the severity of dengue and complications such as
renal failure, shock, hepatitis, and serositis as per the chi-
square test. Among the dengue victims who were under
evaluation, edema of gall bladder existed in nearly 66 cases
(Table 3). The 39 patients (89%), who had severe dengue
(n=44) revealed significant gall bladder wall thickening
(Table 3), and this correlation was statistically significant
(p <0.000). The serum levels of AST, ferritin, platelet
count, H score, total count, and hemoglobin were deter-
mined in severe dengue cases (Table 4) and they revealed
elevated AST levels (mean=407), followed by the elevated
ferritin levels (mean=9125 pg/l) and thrombocytopenia
(mean=26,182 pg/l). The mean Hb value was 13.12 gm%,
and the mean total leukocyte count was found to be 4270. It
is seen from Table 4 that, thrombocytopenia, rise in AST, H
score, and ferritin levels have a highly significant positive
correlation with the severity of dengue.

The receiver operating characteristic (ROC) curve analy-
sis was performed to determine the ideal cut-off levels of
ferritin in severe dengue cases (Fig. 1). The area in the ROC
curve was 0.788, with a standard error of 0.44, as shown
in the Fig. 1. The sensitivity and specificity of the severe
dengue were 72.7 and 62.1, respectively. The asymptomatic

Table 2 Correlation between the severe form of dengue and its com-
plications

Complications Number (frequency) p value
Serositis 32 (24.4%)** <0.01
Bleeding 04 (3.1%)** <0.01
ARDS 04 (3.1%)** <0.01
Renal failure 06 (4.6%)** <0.01
Encephalitis 01 (0.8%)* >0.01
Shock 08 (6.1%)** <0.01
Hepatitis 05 (3.8%)** <0.01
Myocarditis 01 (0.8%)* >0.01
More than 1 complication 13 (29.5%)** <0.01

**Statistically highly significant; *statistically not significant

Piedlae clodl ayao .
KACST ,161)lg rogLe Ll @ Springer



268 Page4of9

3 Biotech (2022) 12: 268

Table 3 Correlation of

. Parameters Gall bladder edema Pearson chi square p value
gallbladder oedema with the
blood investigation profile Present Absent
Non-severe cases (n=287, 66.4%) 27 60
Severe cases (n=44, 33.6%) 39 5 38.785 <0.0001**
Total cases 66 65
Mean AST 379.6 131.75 <0.0001**
Mean platelet pg/l 23,378 63,230 <0.0001**
Mean ferritin 9972 1768 <0.0001**
Mean H score 169 113 <0.0001**
Mean total count 4021 4264 >0.01*
Mann—Whitney test; p value—**statistically highly significant; *statistically not significant
Table 4 Comparison of Variables Severe dengue (n=44) Non-severe dengue (n=_87) ‘p’ value
laboratory profile of severe and o o
non-severe dengue cases Mean + standard deviation Mean =+ standard deviation
AST 407.55+67.9 180.87+31.2 <0.0001
Ferritin pg/l 9125.34+124.53 4271.47+491.3 <0.01
Platelet 26,182 +248.65 51,736 +£479.22 0.001
H score 155.41+41 134.23 +43 <0.01
TC 4270.45+157.3 4077.47+222.1 >0.01
ROC Curve 95% confidence interval was 0.702 (lower bound) and 0.873
L (upper bound). The ‘p value’ was 0.003.
All the patients, who were included in this study were
asked to come for the follow-up in the outpatient depart-
08 ment after 2 and 4 weeks. However, the serial measurements
of serum ferritin and ultrasonography were not performed
because of the higher cost of these investigations. Most of
0.6 our patients recovered well from our treatment and resumed
o . . . .
2 back their duties, soon after the discharge from the hospital.
? 0
Discussion
There has been a rise in the dengue incidence rate across
o= the globe, in the recent years. One recent estimate indicates
about 390 million dengue cases per year, of which 96 mil-
o lion cases manifest clinically (Bos et al 2018; Li and Wu
0-00_0( " o " o pLY 2015). Among them, about 5 lakh cases require hospitaliza-
1 - Specificity tion every year for the severe dengue, which has a mortality

Fig. 1 The sensitivity and specificity of serum ferritin in determining
the severity of dengue (area under the curve; test result variable(s):
ferritin; area — 0.788; std. error under the nonparametric assump-
tion — 0.044; asymptotic sig. null hypothesis: true area=0.5-0.003;
Asymptotic 95% confidence interval lower bound — 0.702; upper
bound — 0.873)

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

rate of about 2.5%. Dengue is basically a viral, infectious
disease, which is transmitted by the female mosquito of the
species, A. aegypti and less commonly by the Aedes albop-
ictus. There has been a dramatic increase in the frequency
of outbreaks in India in the last few decades. This disease
is rampant throughout the world, especially in the tropics.
Dengue causes a broad spectrum of disease severity ranging
from the subclinical state to the severe form of the disease
(Holmes and Twiddy 2003). In most of the states of India,
dengue is almost an endemic disease. At present, all the four
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serotypes are seen in the circulation. However, the predomi-
nant serotype keeps changing. The WHO has classified the
dengue into two major categories, non-severe variety with or
without the warning signs and the severe variety. The non-
severe type involves a high grade fever (104 °F or 40 °C),
which is accompanied by any two of the following symp-
toms during the febrile phase—nausea, vomiting, rash, aches
and pains, positive tourniquet test, and leukopenia. About
3—7 days after the onset of illness, fever drops to below 100
°F (38 °C) and the warning symptoms like tenderness in the
abdomen, stomach burn, nausea, vomiting, mucosal bleed,
lethargy, restlessness, hepatomegaly and rising hematocrit
with thrombocytopenia start to appear, which require strict
medical intervention. The inevitable cases progress towards
severe dengue, which is evidenced by the respiratory dis-
tress, shock, massive bleeding, leakage of plasma, and organ
impairment.

The earlier studies included few markers of severe form
of dengue like plasmacytoid and dendritic cells (Pichy-
angkul et al. 2003), cytokines like IFN gamma (Tian et al.
2019), TNF alpha, IL 6 (Masood et al. 2018), IL 10 (Tian
et al. 2019), MIF; chemokines like CXCL 10 (Masood et al.
2018); complements like C3a, C5a (King et al. 2020); pro-
teases like tryptase and chymase (King et al. 2020). The
endothelial activation markers include mediators of endothe-
lial function like angiopoietin 1, angiopoietin 2 (Page and
Liles 2013); components of coagulation system like von
Willebrand factor (Page and Liles 2013); ADAMTS 13,
thrombomodulin; cell surface adhesion molecules like
sICAM, sVCAM; permeability mediators like VEGF (Page
and Liles 2013), vascular endothelial growth factor receptor
1 (VEGFR1). The biochemical serum markers, which are
routinely used in the laboratory include total cholesterol,
HDL, LDL; lipopolysaccharides like lipopolysaccharide-
binding protein (LPB), CD14; liver enzymes like AST,
ALT; serine protease. The genetic markers are certain gene
expressions like SMADS, SLC4A4, PSPH, etc. and circu-
lating cell-free DNA. However, these genetic markers are
not widely used as they are expensive and require refined
apparatus. The etiopathogenesis of dengue is not clearly
understood as there are no excellent disease models (Cunha
et al. 2022). There is a scarcity of animal experiments, which
can produce dengue illness like the humans. Hence, clinical
studies have been the key to understand the pathogenesis of
dengue. Currently, there are no routine clinical or laboratory
parameters to predict the severity of individual dengue cases,
which require close monitoring (Srikiatkhachorn and Green
2010). It was reported that, the invention of diagnostics to
identify the severe form of dengue is essential to decrease
the morbidity and mortality rates (Wong et al. 2020).

In the present study, the difference in the patterns of serum
ferritin level was studied in the patients with non-severe and
severe dengue. The severe dengue patients had a mean ferritin

level of 9125.34 pg/l, whereas, in the non-severe group, this
was 4271 pg/l. This comparison was statistically significant
as the ‘p value’ was 0.003. We could observe that the ROC
curve analysis of serum ferritin level, as a marker in severe
dengue exhibited an area of 0.788, with a standard error of
0.44. The ‘p value’ was 0.003, which suggests that serum
ferritin level can be used as a marker of severe dengue. How-
ever, this finding is slightly different from that of Roy Chaud-
huri et al. (2017), as our study had more non-severe dengue
cases, whereas they had more number of severe dengue cases
with the warning signs. It was reported that, patients below
593 ng/ml of ferritin levels are not at higher risk of develop-
ing low platelet count (Lodha et al. 2022). The earlier study
from children, suggests that more elevated ferritin and IL-18
are associated with the severe dengue (Valero et al. 2019).
Dengue causes an inflammatory state, which leads to non-
remitting high fever, hepatosplenomegaly, hemorrhage, lym-
phadenopathy and CNS dysfunction. Since hemophagocytic
syndrome (HS) may be difficult to distinguish from severe
sepsis or flare of underlying autoimmune diseases, the avail-
ability of a simple score known as ‘the H score’, which allows
the clinician to predict it in the patients and plan the appro-
priate treatment decisions at the earliest. The H score is a
very well validated score devoted to the diagnosis of reac-
tive HS, which consists of clinical, biologic and cytologic
variables, which are appropriately weighted. The variables
included in calculating the H score include known underlying
immunosuppression, temperature, organomegaly, cytopenias,
ferritin, triglyceride, fibrinogen, serum glutamic oxaloacetic
transaminase and hemophagocytosis features on bone marrow
aspirate. In our study, the calculated mean H score among
the severe dengue patients was 155441, which was statisti-
cally significant, whereas, in non-severe dengue, the score
was 134 +43. The ‘H’ score was proven to have a good per-
formance in both developmental and validation data sets,
which ensures that it is correctly calibrated to the range of
diseases associated with the HS. This present study observed
that, dengue has a high frequency of prevalence in the age
group between 30 and 60 years than in the age below 30 years.
Initially, dengue was considered to be a disease of children,
but now it is very prevalent in adults and elderly individuals
(Mallhi et al. 2015; Guerra-Silveira and Abad-Franch 2013).
Increase in the movement of adult population, greater access
to the health care facilities, and reporting of causal factors of
dengue to the healthcare workers might be the reason for this
high incidence of dengue infection among the adults. Among
the adults aged 30-60 years, the higher severity of dengue was
found, with about 59% of the severe cases belonging to this
age group (Table 1). It would most probably have attributed
to the presence of secondary infections and the likelihood
of previous exposure to the dengue infection, leading to the
increased severity among this population (Cardier et al. 2005).
This current study observed that, males are more commonly
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affected by the dengue virus than the females. However, there
was no statistically significant difference observed in this
comparison. This was also observed in the study by Anker
and Arima (2011), but in contrast to a study done by Muru-
gananthan et al. (2014). The fever of dengue patients usually
last about 2—7 days (Mallhi et al. 2015). In this study, patients
who presented with less than 4 days of febrile illness only
were included to look for the early predictors of the severity of
the disease. Most of the patients (57%) had a hospital stay of
3-5 days, which is similar to the study by Mallhi et al. (2015).
The prolonged hospital stay for more than 5 days was con-
sistent with the severity of disease, amounting to 59% of the
severe dengue cases. This also imposes a significant liability
on the current health care.

The involvement of liver, brain, kidney, and heart were
previously reported in severe dengue cases (Chaiyaratana
et al. 2008). The liver involvement revealed elevated levels
of liver function tests. Several studies have reported eleva-
tion in both the AST and ALT, as the predictors of severe
dengue. Mean levels of AST were significantly higher
among the severe dengue cases in our study (Table 4) and
are more predictive of severe bleeding outcomes, accord-
ing to another study. In addition, hepatomegaly accounted
for 75% of the severe dengue cases (Table 2). The dengue
virus directly affects the Kupffer cells of the liver resulting
in the elevation of transaminases and liver enlargement. The
liver damage in dengue infection is attributed to the acti-
vation of the cell-mediated immune system and is evident
more in the severe dengue cases. The history of spontane-
ous bleeding was present in 9% of our severe dengue cases,
which suggests the extent of liver cell injury. The spectrum
of dengue-induced renal injury can range from mild pro-
teinuria to severe acute kidney injury. The renal failure was
found to be present in 13.6% of the cases with severe den-
gue (Table 2). The multi-organ dysfunction syndrome can
cause various organ bleeds, leading to the increased mortal-
ity in severe dengue. In this study, the various complica-
tions present were serositis (24%), bleeding manifestations
(3.1%), acute respiratory distress syndrome (3.1%), renal
failure (4.6%), encephalitis (0.8%), shock (6.1%), hepati-
tis (3.8%) and myocarditis (0.8%). The minor bleeding was
due to mucosal bleed and is a useful warning sign for the
progression of disease to the severity and WHO and TDR
proposed this in 2009. Major bleeding could be due to the
low platelet count or prolongation of the aPTT. This study’s
hematological profile of dengue patients was taken into con-
sideration and compared to differentiate the severe dengue
from the non-severe dengue cases. Thrombocytopenia was
more common among the severe dengue patients, and this
finding is consistent with the previous reports (Boo et al.
2019). This is predominantly due to the increased destruc-
tion of platelets as a result of the compliment activation,
peripheral sequestration, and marrow dysfunction, and, of
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late, oxidative stress (Soundravally et al. 2015). The plate-
lets are also shown to adhere to the endothelial cells due to
stimulation by the dengue virus (Krishnamurti et al. 2002).

In this present study, hyperferritinemia was associated
with the low platelet count. Thrombocytopenia is a classical
of dengue infection, and this can be caused due to binding
of platelets to the activated endothelial cells (Teixeira et al.
2008). It was reported that the edema of the gall bladder is
associated with the dengue hemorrhagic fever, so every den-
gue patient should be screened for it (Adil et al. 2020). The
sensitivity and specificity of the thickness of the gall bladder
in assessing the admission to the intensive care unit or general
ward were 100% and 62.1% (Ibrahim et al. 2022). The thick-
ening of gallbladder, which is detected radiologically, can
predict the disease progression in ambulatory patients in the
early stages of dengue (Gleeson et al. 2022). The gall bladder
wall thickness was promising as a predictive test for the severe
dengue on day 3 or 4, the time before the onset of the critical
phase in the pediatric population. Colbert et al. (2007) showed
a high negative predictive value for detecting the DHF/DSS,
which demonstrated the use of ultrasound reliably in the out-
patient and inpatient settings in triage to rule out the severe
dengue. This also helps to determine, which patients need
to be monitored closely and whom to hospitalize. The gall
bladder wall edema on the 3rd to 4th day was associated with
the severe dengue in the present study. However, in Michels
et al. (2013) study, the gall bladder wall edema was associated
with severe dengue on the 7th day of illness. The honeycomb
morphology of the gall bladder was observed more in the
extreme form of dengue. The deteriorating cases of dengue
showed a trend in changing from uniform thickening of the
gall bladder wall to a honeycomb morphology during the later
stages of fever. There was an increase in the gall bladder wall
thickness from the 2nd day to the 5th day. The cases without
the initial warning signs on the 2nd day of fever progressed
to the warning signs on the 3rd day and eventually moved to
the severe form of dengue on the 5th day.

The significance of gall bladder edema in dengue cases
was proven in previous studies, and it was shown that it has
a prognostic value. Based on the ultrasound examination,
the current study also looked at gall bladder wall edema and
its differences in the non-severe and severe dengue patients.
This showed that significant gall bladder thickening was
present in 89% of the severe dengue cases, whereas this was
seen in only 31% of the non-severe dengue cases. The pres-
ence of gall bladder wall edema was also proved to have a
prognostic significance in various conditions like hypoal-
buminemia, cholecystitis (Handler 1979), acute hepatitis
(Jiittner et al. 1982) and liver cirrhosis (Wang et al. 1997).
Therefore, diffuse gall bladder wall thickening is also seen
in various other conditions, and its exact cause is usually
determined by the correlation of the associated clinical find-
ings and imaging features.
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This study has certain limitations, like the inclusion of
patients with a history of less than 4 days of febrile illness
only. This may add bias into the research, and could be one
of the reason for the higher numbers of severe dengue cases
seen in this study. There was also an association between the
severity of dengue and complications such as renal failure,
shock, hepatitis, and serositis, when evaluated. The present
study has the rationale of selecting the ferritin and edema of
the gall bladder as the early diagnostic markers in predict-
ing the severe form of dengue. But neither ferritin nor the
gall bladder edema is specific to the dengue infection. The
ferritin levels are also elevated in other infectious diseases
like SARS-CoV-2 (Mahroum et al. 2022), and gall bladder
edema is not specific to the dengue. These can be considered
as the drawbacks of this present study.

Conclusion

In this present study, we found that thrombocytopenia, ris-
ing ferritin, AST, and H score positively correlated with
the presence of gall bladder wall edema in severe dengue
patients. However, increasing serum ferritin levels and
diffuse gall bladder wall thickening are also seen in other
various conditions. Their exact cause has to be determined
by correlating the associated clinical findings and imaging
features.
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