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Purpose: We aimed to study the pattern of liver-injury in children with dengue fever (DF) and validate serum amino-
transferase >1,000 IU/L as a marker of severe DF.

Methods: Children admitted with DF were included. DF was defined by presence of clinical criteria and positive sero-
logical or antigen tests in absence of other etiology. DF severity was graded as dengue without or with warning signs
and severe dengue. Liver-injury was defined as alanine aminotransferase (ALT) more than twice the upper limit of
normal (boys, 30 IU/L; girls, 21 IU/L).

Results: Of 372 children with DF, 144 (38.7%) had liver-injury. Risk of liver-injury and aminotransferase levels in-
creased with DF severity (p<0.001). Recommended ALT and aspartate aminotransferase (AST) cut-off at >1,000
IU/L had sensitivity 4.8% (5/105), specificity 99.3% (265/267) for detection of severe DF. In children with ALT and
AST < 1,000 IU/L (n=365), the area under receiver operating curves for prediction for severe DF, were 0.651 (95%
confidence interval [Cl], 0.588-0.714; p<0.001) for ALT and 0.647 (95% Cl, 0.582-0.712; p<0.001) for AST. Serum
ALT at 376 IU/L and AST at 635 IU/L had sensitivity and specificity comparable to >1,000 IU/L for defining severe
DF.

Conclusion: Liver-injury is common in DF. The ALT and AST levels increase with DF severity. ALT and AST levels
of >1,000 IU/L could be lowered to 376 IU/L and 635 IU/L respectively for defining severe DF.
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INTRODUCTION illness, known as dengue fever (DF), and pose a ma-
jor health problem in developing countries including

Dengue virus (DENV) is transmitted to humans India [1].
through female Aedes mosquito bites. All four sero- DF primarily run a mild and self-limiting course,

types (DENV 1-4) of DENV cause a common febrile though occasionally it may be life-threatening.
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Overall, DF carries an approximately 1% risk of death
[1]. Severity of DF is graded in categories that facili-
tate patient care and prognosis assessment. Earlier,
World Health Organization (WHO) had graded se-
verity as DF, dengue hemorrhagic fever (DHF) and
dengue shock syndrome [2]. Changing epidemiol-
ogy of DF leads to difficulty in applying criteria for
DHF in the clinical situation and studies revealed
clinically severe dengue cases that failed to meet
strict criteria of DHF [3,4]. Considering the need for
redefining severity of DF, WHO reclassified severity
as severe DF (SDF) and non-severe DF with the later
group sub-classified into dengue without warning
signs (dengue with no warning signs, DNWS) and
dengue with warning signs (DWS) [1]. Patients with
SDF are more likely to have adverse outcome and
need hospitalization and management in an in-
tensive care unit. Early recognition of SDF is essen-
tial for timely intervention and judicious use of
scarce critical care support. SDF is diagnosed in pres-
ence of either of the following criteria (i) severe plas-
ma leak leading to shock or respiratory distress due
to fluid accumulation, (ii) severe bleeding as judged
by the physician, or (iii) sever organ involvement as
suggested by alanine aminotransferase (ALT) or as-
partate aminotransferase (AST) =1,000 IU/mL or
impaired consciousness or heart or other organ [1].
Among all the three SDF defining criteria, marked
elevation (> 1,000 IU/L) of ALT or AST is an objective
criteria easily and widely available [1].

Elevation of serum levels of ALT and AST are bio-
chemical indicators for hepatocyte damage. Liver in-
jury (LI) in patients with DENV infection is common
and several hypotheses have been proposed to ex-
plain the mechanism of LI [5]. Severity of LI ranges
from asymptomatic mild elevation of serum levels of
aminotransferase to life-threatening acute liver fail-
ure (ALF) [6-8]. The majority of data on LI in DENV
infection is from the adult population. Regarding
Indian children, DENV related LI is not well studied
[9-11].

The city of Lucknow in India recently faced an epi-
demic of DF in the second half of 2016. This retro-
spective study was focused on studying the pattern
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of LI in children admitted with DF and validate the
WHO suggested aminotransferase =1,000 IU/L as
SDF defining criteria in children.

MATERIALS AND METHODS

This retrospective study was conducted in Lucknow,
India. Children of age 1 to 18 years, admitted be-
tween July 2016 and December 2016 with diagnosis
of DF, were included if at least one set of values for
total serum bilirubin, ALT and AST were available
during the course of DF illness. Children were in-
cluded irrespective of severity of DF or liver
involvement.

For retrospective data review, children with DF
were identified by reviewing the departmental ad-
mission/discharge register for the study period.
Patient’s case files of identified children were re-
trieved, and relevant clinical and laboratory data
were extracted in a predefined data collection form.

DF was diagnosed in presence of the following
three criteria: (i) probable dengue as suggested by
WHO, (ii) positive test result for either DENV specific
immunoglobulin M antibody or NS1 antigen, and
(iii) absence of other etiology likely to explain the ill-
ness, if required. Severity of DF was graded into
DNWS, DWS and SDF to comply with WHO criteria.

According to WHO, probable dengue is defined as
an acute febrile illness in a person that lived/traveled
to a dengue endemic area and has at least two fea-
tures among the following: nausea, vomiting; rash;
aches and pains; positive tourniquet test and;
leucopenia. Warning signs include abdominal pain
or tenderness, persistent vomiting, clinical fluid ac-
cumulation, mucosal bleed, lethargy or restlessness,
liver enlargement >2 cm, increase in hematocrit
with rapid decrease in platelet count. Further, severe
dengue is defined in presence of evidence of either of
the following three features: (i) severe plasma leak-
age leading to shock or fluid accumulation with res-
piratory distress, (ii) severe bleeding as judged by
clinician, and (iii) severe organ involvement such as
liver (suggested by ALT or AST =1,000 IU/L), central
nervous system (suggested by impaired conscious-



ness), heart or other organ.

During the hospital stay, the children were treated
according to the WHO guidelines recommended for
treatment of DF [1]. According to the clinical re-
quirement, children were investigated to exclude
other causes of acute febrile illnesses such as ma-
laria, enteric fever, hepatitis A virus etc.

Serum level of ALT and AST were chosen as a
marker of LI. For a child with multiple values of se-
rum enzymes available during illness, ALT and AST
values temporally closest to the nadir of platelets
counts were included for analysis and disease se-
verity was also noted for the same day.

To define the upper limits of normal (ULN), the
cut-offs for ALT and AST were ascertained as 30 and
38 IU/L for boys and 21 and 33 IU/L for girls,
respectively. These limits were chosen from a study

Geetika Srivastava, et al : Liver Injury in Dengue Fever

with a reasonable representation of children and
represents 95th percentile of the normal range [12].
Because of higher specificity for liver [13], ALT level
was chosen to define LI. A child was assumed to sus-
tain LI at serum ALT >2XULN (ALT >60 IU/L for
boys, >42 IU/L for girls).

Outcome of a child was recorded as either favor-
able or adverse. Children discharged in satisfactory
condition had favorable outcomes. Children either
discharged on parents’ request or died were recorded
as having adverse outcomes.

Numerical and categorical data are expressed as
median (range) and proportion or ratio. Intergroup
comparison was done using non-parametric stat-
istical tests with level of significance at p<0.05.
Statistical software program SPSS version 20 (IBM
Co., Armonk, NY, USA) was used for data analysis.

Table 1. Clinical Characteristics, Laboratory Investigations and Outcomes in Children with Dengue Fever

Non-severe dengue (n=267)

.. Severe dengue Total
Characteristic Without warning signs ~ With warning signs (n=105) (n=372)
(n=98) (n=169)

Age (y) 12 (1-17) 13 (3-17) 13 (1-17) 13 (1-17)
Sex, boy 67 (68.4) 109 (64.5) 68 (64.8) 244 (65.6)
Clinical features

Fever 96 (98.0) 164 (97.0) 104 (99.0) 364 (97.8)

Leucopenia 37 (37.8) 43 (25.4) 33 (31.4) 113 (30.3)

Thrombocytopenia (< 100X 10°L) 61 (62.2) 130 (76.9) 100 (95.2) 291 (78.2)
Hematology

Hemoglobin 10.9 (6.1-17.1) 113 (6.2-17.2) 114 (6.4-17.4) 112 (6.1-17.4)

White cell count (x10°L)
Platelets (x10°/L)
Features of liver involvement

45 (2.0-26.0)
50.0 (10.0-200.0)

Icterus present Nil
Liver enlargement >2 cm BCM 4 (4.1)
Ascites present Nil
Total serum bilirubin (mg/dL) 0.6 (0.2-1.8)
ALT (IU/L) 41 (11-364)
AST (IU/L) 49 (22-404)
Diagnostic tests with positive results
NS1 antigen 83 (84.7)
Dengue IgM 10 (10.2)
Both 5 (5.1)
Outcome
Favorable 96 (98.0)
Adverse 2 (2.0)

5.0 (1.8-15.0) 4.5 (2.0-21.0) 5.0 (1.8-26.0)
40.0 (1.2-200.0) 50.0 (3.5-190.0) 43 (1.2-200.0)

2 (1.2) 4 (3.8) 6 (1.6)

13 (7.7) 28 (26.7) 45 (12.1)

4 (2.4) 45 (42.9) 49 (13.2)
0.7 (0.3-4.2) 0.7 (0.3-8.3) 0.7 (0.2-8.3)
50 (7-468) 70 (18-1,646) 52 (7-1,646)
86 (4-1,750) 107 (23-3,750) 78 (4-3,750)
134 (79.3) 89 (84.8) 306 (82.6)
24 (14.2) (8.6) 43 (116
11 (6.5) 7 (6.7 23 (6.2)
167 (98.8) 92 (87.6) 355 (95.4)

2 (1.2) 13 (12.4) 17 (4.6)

Values are presented as median (range) or number (%).
BCM: below right costal margin, ALT: alanine aminotransferase, AST: aspartate aminotransferase, IgM: immunoglobulin M.
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Children'’s records were reviewed after obtaining
institute’s ethic committee permission with waiver
of consent.
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Fig. 1. Boxplot comparing the serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
enzymes in children with liver injury (n=372) and different
grades of dengue fever severity. Outliers are represented as
asterix (between 1.5-3.0 times of box length) and empty circle
(>3 times of box lengths) from a hinge.

RESULTS

The clinical characteristics and the relevant labo-
ratory parameters of the cohort of children included
in analysis are summarized in Table 1. Two thirds of
the children were boys. Majority of our children be-
longed to the adolescent age group. Seventeen
(4.6%) children had adverse outcomes that include
ten deaths (DNWS two, SDF eight) and seven chil-
dren discharged on request (DWS two, SDF five).
None of the deaths were related to ALF. Prevalence
of various indicators of liver involvement pro-
gressively increased with advancing disease severity.
Median levels of ALT and AST revealed progressive
and significant increase with increasing severity of
DF (Fig. 1).

According to our cut-off limits, 144 (38.7%) chil-
dren with DF had LI. Median (range) levels of ALT
and AST among children without LI were 34 (11-60)
and 38 (7-60) for DNWS, 42 (18-58) and 43 (22-217)
for DWS, 56 (4-306), and 65 (23-162) for SDF
respectively. Their levels were not significantly dif-
ferent between the three subgroups (p=0.244 for

Table 2. Clinical and Laboratory Evidence of Liver Involvement and Outcomes in Children Who Developed Liver Injury

Non-severe dengue (n=86)

Characteristic Without warning signs
(n=24)

Proportion of children with liver injury* 24/98 (24.5)
Age (y) 12 (4-16)
Sex, boy 19 (79.2)
Features of liver involvement

Icterus present Nil

Liver enlargement >2 cm BCM 2 (8.3)

Ascites present Nil

Total serum bilirubin (ug/dL) 0.6 (0.2-1.8)

ALT (IU/L) 69 (61-364)

AST (IU/L) 95 (36-404)

ALT/AST ratio 1.02 (0.16-2.78)
Outcome

Favorable 23 (95.8)

Adverse 1 (4.2)

Severe dengue Total
With warning signs (n=58) (n=144)
(n=62)
62/169 (36.7) 58/105 (55.2) 144/372 (38.7)
13 (5-17) 12 (3.5-17) 13 (3.5-17)
43 (69.4) 37 (63.8) 99 (68.8)
2 (3.2) 3 (5.2) 5 (3.5)
3 (4.8) 13 (22.4) 18 (12.5)
1 (1.6) 27 (46.6) 28 (19.4)
0.7 (0.3-4.2) 7 (0.3-8.3) 0.7 (0.2-8.3)
118 (64-468) 155 (61-1,646) 121 (61-1,646)
192 (29-1,750) 270 (48-3,750) 202 (29-3,750)
0.66 (0.19-4.90) 0.67 (0.24-2.83) 0.70 (0.16-4.90)
62 (100) 48 (82.8) 133 (92.4)
Nil 10 (17.2) 11 (7.6)

Values are presented as number (%) or median (range).

BCM: below right costal margin, ALT: alanine aminotransferase, AST: aspartate aminotransferase.
ALT and AST below 30 and 38 IU/L for boys and 21 and 33 IU/L for girls respectively.

*p<0.0001.
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ALT, 0.070 for AST). In all three DF severity sub-
groups, median levels of ALT and AST were sig-
nificantly higher (p <0.001) among children with LI
than those without LI.

Demographic profile, clinical characteristics, labo-
ratory investigations and outcomes of the children
with LI are summarized in Table 2. Proportions of
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Fig. 2. Correlation between serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels in children
with dengue fever and liver injury. Enzyme levels are
expressed in multiples of upper limits of normal (ALT and
AST cut-offs taken at 30 and 38 IU/L for boys and 21 and 33
1U/L for girls respectively).
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Fig. 3. Boxplot comparing the serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
enzymes in children with liver injury (n=144) and different
grades of dengue fever severity. Outliers are represented as
asterix (between 1.5-3.0 times of box length) and empty circle
(>3 times of box lengths) from a hinge.
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children developing LI increased significantly with
increasing severity of DENV infection (p <0.001). In
children with LI, the ALT and AST elevation revealed
good correlation (Pearson’s coefficient 0.812, p<
0.001; Fig. 2). This correlation was good for SDF
(r=0.844, p<0.001) and moderate for DNWS
(r=0.641, p=0.001) and DWS (r=0.631, p<0.001)
subgroups. Levels of ALT and AST increased sig-
nificantly with advancing grades of disease (Fig. 3).

Seven children with LI, had ALT and/or AST =
1,000 IU/L. Five had SDF and two had non-severe
dengue. In our cohort, the ALT and AST cut-off at =
1,000 IU/L had sensitivity 4.8% (5/105), specificity
99.3% (265/267), positive predictive value 71.4%
(5/7) and negative predictive value 72.6% (265/365)
for detection of SDF.

Among children with ALT and AST <1,000 IU/L
(n=365), the area under the receiver operating
curves (AUROC) for prediction of SDF were 0.651
(95% confidence interval [CI], 0.588-0.714; p<
0.001) and 0.647 (95% CI, 0.582-0.712; p<0.001) for
ALT and AST respectively. Serum ALT level at 376
IU/L revealed sensitivity and specificity of 5.0% and
99.2% respectively. Similarly, serum AST at 635 IU/L
revealed sensitivity and specificity of 5.0% and 98.1%
respectively (Fig. 4).
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Flg. 4. Receiver operating curve (ROC) revealing serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
level for prediction of severe dengue.

AUROC: area under ROC.
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DISCUSSION

This single center, retrospective study included
372 children with DF affected during an epidemic.
Overall, approximately one third of the children sus-
tained LI. Median levels of ALT and AST were sig-
nificantly higher in presence of LI. Extent of ALT and
AST elevation revealed good correlation with each
other. Among those with LI, levels of ALT and AST
increased significantly with increasing severity of
DF. The WHO suggested cut-off of ALT and AST =
1,000 IU/L had sensitivity 4.8% (5/105) and specific-
ity 99.3% for detection of SDF. Among children with
ALT and AST < 1,000 IU/L, the ROC curves had com-
parable sensitivity and specificity at =376 IU/L for
ALT and =635 IU/L for AST respectively.

LI is known in DF and could manifest as either
hepatomegaly, asymptomatic elevation of liver en-
zymes, mild icteric hepatitis or ALF. Several workers
have studied the pattern of liver involvement in
DENV infection. Majority of such studies have fo-
cused primarily on clinical features such as edema,
ascites, jaundice etc as an indicator of LI. Such stud-
ies have clearly demonstrated elevation of ALT and
AST in presence of LI but the pattern of elevation of
such enzymes are not well studied, especially in chil-
dren [11,14,15]. The association of serum levels of
ALT or AST with severity of DF has not been studied.

The proportion of children that developed LI
(38.7%) was relatively smaller in our study than pre-
viously reported 65.2% to 96% in adults [7,9,10] and
90% in children [14]. Relatively lower prevalence of
LI in our cohort could be because of differences in LI
defining criteria such as (i) we set the cut-off at twice
the ULN for ALT instead of a value above the ULN;
the only other study that used ALT >2XULN criteria
to define LI, affirmed 35.5% prevalence of LI in chil-
dren with DF [16]; (ii) ALT alone, but not AST, was
used to define LI that made our LI defining criteria
more restrictive; in a generalized illness, such as DF,
AST elevation is much more frequent and levels are
higher than ALT because AST is affirmed in several
tissues other than the liver and AST release from
those tissue could be much more than its release
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from liver; (iii) relatively smaller proportion of chil-
dren with SDF in our study as compared to previous
studies; and (iv) there could be unidentified factors
related to DENV such as virus genotype, subtypes or
quasispecies phenomenon to explain such discrepancy.

Though, reported previously [17], none of the chil-
dren in our study developed HENV related ALF.
Previous small experiences have revealed ALF in up
to 10% of those with severe disease [14]. The three
largest experiences, that studied liver involvement in
patients with DF and included more than 3,500 pa-
tients, did not find any patient of ALF [7,11,18]. A re-
cent large retrospective study of 1,926 patients re-
vealed a low (0.31%) incidence rate of ALF in pa-
tients with DF [8]. Over representation of dengue re-
lated ALF in few series may be because of un-
diagnosed co-infection with hepatotropic viruses
that could cause ALF or factors related to virulence of
the virus involved in a given study.

Our results revealed increased risk of LI with in-
creasing severity of DF. Proportions of children de-
veloping LI as well as median levels of ALT and AST
increased with increasing disease severity. Similar
results have been reported in previous studies
[7,11,14,18]. In presence of LI, ALT and AST revealed
good correlation and AST levels were relatively high-
er than ALT in contrast to hepatotropic virus induced
acute hepatitis wherein ALT in much more than AST.
Higher levels of AST in DF could be because of its re-
lease from tissues other than the liver. This relatively
higher level of AST than ALT could help to differ-
entiate between hepatotropic virus and DENV re-
lated LI.

In our study, WHO suggested ALT and/or AST level
=>1,000 IU/L revealed poor sensitivity and moderate
positive predictive value for SDF. Overall, the ROC
for ALT or AST had moderate AUROC and hence
their levels were not determined to be a good in-
dicator for SDF. A previous study done in a large co-
hort of adult patients has also revealed poor discrim-
inatory power of ALT and AST levels for differ-
entiating between severe and non-severe dengue
[18]. In our cohort, ALT and AST levels above 376
IU/L and 635 IU/Lrevealed sensitivity and specificity



comparable to the recommended limit of =1,000
IU/L, for predicting SDF. A recent study, that com-
pared LI between adults and children with DF, re-
vealed higher level of ALT and AST in adults than
children [16]. These relatively lower levels of ALT
and AST in children, than the recommended cut-off
at =1,000 IU/L, may be because of cither smaller
body size and hence lower liver tissue mass or in-
volvement of a different pathogenic mechanism in-
ducing LI. Hence, our data suggests the need for (i) A
relatively lower limits for serum ALT and AST as a
marker of severe disease, and (ii) Separate cut-off for
ALT and AST for predicting severe disease.

This study had strength such as (i) relatively larger
cohort size, (ii) good representation of all three dis-
ease severity groups, and (iii) inclusion of children
suffered during single epidemic during a short span
of six months.

Our study had few limitations as well; first, the
retrospective nature of the study; second, inclusion
of single values of ALT and AST level, of which peaks
may not temporally coincide with the worst stage of
severity of DF; third, lack of details on temporal pat-
tern of liver enzymes during the course of illness; and
fourth, failure to measure serum lactate dehydrogen-
ase, a marker of ischemic injury of liver [19], that
could have improved our understanding about the
pathogenesis of DENV related LI.

In conclusion, LI is common during the course of
DF but ALF is uncommon. In presence of LI, AST is
higher than ALT. Serum levels of liver enzymes in-
crease with worsening disease severity. Serum ALT
and AST levels of =1,000 IU/L is not a good predictor
of SDF, and we could lower theses cut-offs to 376
IU/L for ALT and 635 IU/L for AST without com-
promising sensitivity and specificity of these markers.
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