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Abstract: Dengue hemorrhagic fever (DHF) is one of the most important diseases mosquitoes
transmit due to its rapid spread and economic burden. DHF affects many organs in the body such as
the liver, heart, and kidney. The liver damage results in the elevation of serum transaminases. This
study aimed to assess the changes in serum aminotransferase levels (aspartate aminotransferase -
AST and alanine aminotransferase - ALT) in DHF patients with or without warning signs and related
factors. A cross-sectional study was conducted in the E hospital in 2019. Based on the guidelines of
the World Health Organization (WHO) 2016, clinical information, medical history, and several
laboratory results (complete blood count, ALT, AST, and dengue serology) were collected. 302
patients diagnosed with DHF were included in this study. 59.9% of patients had warning signs, and
40.1% of patients were without warning signs. 57.6% of patients had elevated AST and 36.8% of
patients had elevated ALT. Both AST and ALT increased from the febrile phase (days 1 to 3) and
were higher in the critical phase (days 4 to 7) of Dengue. Mean AST and ALT levels in two groups
with and without warning signs were 79.75 + 59.85 U/L and 111.53 + 181.10 U/L, 51.61 + 46.49
U/L and 74.64 + 108.08 U/L, respectively. There was no correlation between the severity of Dengue
with gender, age groups, BMI, history of biliary liver disease, and history of Dengue. Transaminase
levels were higher in patients with decreased platelet counts, especially in the critical phase (days 4-
7) (p < 0.05). Hepatic dysfunction was prevalent in Dengue patients. Serum aminotransferase levels
increased from the early stages of the disease. There was a correlation between transaminases and
the severity of Dengue fever.
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1. Introduction

Dengue hemorrhagic fever (DHF) is a
disease caused by the Dengue virus, a member
of the Flavivirus group, transmitted by
mosquitoes, most commonly Aedes aegypti.
Even though Dengue fever has existed for a long
time, good disease management is still a
significant problem in most countries.
Worldwide, about 3.6 billion people live in
dengue-epidemic areas. Each year, there are 50
million to 200 million people infected with
Dengue, of which 500,000 cases have severe
dengue symptoms and 200,000 deaths related to
dengue [1]. Over the past 50 years, the incidence
of Dengue has increased 30-fold, so this disease
has become one of the most important mosquito-
borne diseases [1]. Vietnam is one of the
countries with the highest dengue incidence in
Southeast Asia. According to a report by WHO
in 2019, Vietnam had 320,702 Dengue cases,
with 54 deaths - an increase of 2.5 times
compared to 2018 [2]. As of 12 June 2022,
62,966 dengue cases and 29 deaths cumulatively
were reported in Viet Nam. These figures
increased by 97% compared to the same period
in 2021 (31,962 cases, including five deaths) [3].
The DHF has been happening still significantly
complicated [3].

DHF has various clinical manifestations,
from asymptomatic to cases of shock, multi-
organ failure, and death if not diagnosed
precisely and treated promptly. The
pathogenesis of dengue fever is complicated,
involving many factors, including virus and host
response, affecting different cells, monocytes,
polymorphonuclear  leukocytes,  platelets,
Kupffer cells, and capillary endothelial cells [4].
That causes several disorders, especially plasma
leakage and blood clotting disorders, as well as
affecting the function of many organs in the
body, such as the liver, kidney, heart, and central
nervous system [5-8]. Many studies have shown
that the liver is infected with the Dengue virus,
causing an increase in liver enzymes or acute
liver injury. Dengue viruses have been found in
hepatocytes, Kupffer cells, endothelial cells, and
immune complexes, which lead to necrosis and

apoptosis of hepatocytes. Several pathways are
involved in this process, including viral cells,
hypoxic mitochondrial dysfunction, immune
response, and oxidants [4, 8]. Liver damage may
be related to coagulation disorders and disease
severity [4]. Acute liver injury can be
characterized by clinical manifestations such as
right upper abdominal pain, hepatomegaly, and
jaundice. These symptoms rarely occur in
patients with dengue hemorrhagic fever and
Dengue with warning signs. The liver enzymes
AST and ALT are involved in the metabolism of
amino acids. These indicators are released into
the blood because of the parenchymatous lesion
that results from the inflammatory process
brought on by dengue virus infection [9].
Changes in liver function may appear earlier on
laboratory  tests through  AST, ALT,
prothrombin, and other indicators. Serum
transaminase levels begin to increase in the early
stages of the disease (1 to 3 days) and peak in the
second week of illness. The AST level rises more
rapidly, peaks at a higher level, and then returns
to normal earlier than the ALT level [10].
Numerous investigations demonstrated a
connection between changes in the blood
markers AST and ALT, the degree of bleeding,
and the severity of the disease [11, 12]. In
Vietnam, there have not been many studies about
the relationship between ALT levels and clinical
characteristics of Dengue fever. Therefore, we
carried out this study to assess the variation of
AST and ALT related to clinical manifestations
of dengue hemorrhagic fever.

2. Subjects and Methods

2.1. Research Subjects

Patients who were diagnosed with Dengue
fever and treated in the Department of Tropical
Diseases, E Hospital, from July 2019 to
December 2019.

2.2. Selection Criteria

The patients were diagnosed with
hemorrhagic dengue fever according to the
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guidelines of WHO 2016 [13]. Patients were
admitted with dengue serology positive (IgM
and/or NS1AQ).

2.3. Exclusion Criteria

Patients had negative serological results,
patients had comorbidities- chronic liver disease,
hepatotoxic drug use, or progressively viral
hepatitis.

2.4. Research Methods

302 patients were included. All the patients
were asked about medical history, and clinical
examinations by the researchers, and collected
blood parameters: complete blood count, ALT,
AST, and dengue serology. The tests were
performed at the Department of Biochemistry,
Hematology, and Microbiology at E Hospital.
The test results were extracted from medical
records. These tests were carried out at three
points: T1: 1-3 days; T2: 4-7 days; T3: after
seven days with fever. The normal ranges for
AST and ALT were under 50 U/L for both sexes.
The patients were divided into two groups DHF
with warning signs and DHF without warning
signs, according to WHO 2016 [13].

2.5. Statistical Analysis

All data were analyzed using IBM SPSS
Statistics 22.0. Results were presented as
frequency and percentage for qualitative data or
means and standard deviations for quantitative
data. The Chi-square test was used to compare
categorical variables. The Mann-Whitney U test
or t-test was applied to compare the means
between the two groups. The confidence interval
was 95%, and a p-value of less than 0.05 was taken
as significantly statistical. An odds ratio (OR)
calculated the relationship between variables.

2.6. Ethics Statement

The Committee approved the study of the
Science and Ethics of E hospital.

3. Results
3.1. General Characteristics

This study was conducted on 302 patients
diagnosed with hemorrhagic dengue fever and
treated at the Department of Tropical Diseases,
E Hospital. Of those, 181 DHF patients (59.9%)
had warning signs and 121 DHF patients
(40.1%) did not have warning signs. None of
these patients developed severe Dengue in the
study (Table 1).

The age of patients ranges from 8 to 94 years
old (44.56 + 19.41). There was no statistical
difference between the group of DHF with and
without warning signs. In our study, there were
137 males and 165 females. The percentage of
male patients was higher than that of females in
the group Dengue without warning signs and
conversely for the group Dengue with warning
signs (p<0.001) (Table 1). Most patients had
normal BMI and similar results between the
two groups.

The total number of fever days was 4.01 +
0.56, ranging from 3 to 9 days. The average
number of treatment days was 5.76 = 2.10,
ranging from 2 to 14 days. There was no
statistical difference in the number of fever days
and the number of treatment days between two
the groups of Dengue with and without warning
signs (Table 1).

3.2. The Changes in Serum Transaminases Level

The study patients’ mean AST and ALT
values were 98.79 + 145.89 U/L and 65.41 +
89.31 UJL, respectively. AST and ALT
increased from the early stages of the disease and
were higher during the critical phase (T2: days
4-7) than the febrile phase (T1: days 1-3).
During the febrile phase, ALT value in the group
with warning signs increased remarkedly than in
the group without warning signs (p<0.05)
(Table 2).
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Table 1. General characteristics of the study population
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DHF without DHF with
Total I L P
warning signs | warning signs
Number of patients (n, %) 302 (100) 181 (59.9) 121 (40.1)
Age (¥ £ SD) 4456+19.41 | 45.437+18.69 | 43.89+19.93 | 0.533!
Male (n, %) 137 (45.4) 75 (62.0) 62 (34.3) ,
Gender Female (n, %) 165 (54.6) 46 (38.0) 119(65.7) | 0001
Sub ’ <185 35 (11.6) 10 (8.3) 25 (13.8)
B‘,‘\A?m”ps ° 18.5-25 236 (78.1) 99 (81.8) 138 (75.7) 0.3172
>25 31(10.3) 12 (9.9) 19 (10.5)

. Primary (n, %) 277 (91.7) 108 (89.3) 169 (93.4) )
History of DHF =g condary (n, %) 25 (8.3) 13 (10.7) 12(6.6) 0.204
Have chronic liver disease (n, %) 12 (100) 6 (50) 6 (50) 0.5513
Number of fever days (i + SD) 4.01 + 0.56 4.07 +0.45 412+062 | 0.653!
Number of treatment days (X + SD) 5.76 + 2.10 5.80+1.91 5.73+2.23 0.629!

Note: Data are expressed as numbers (%) or mean + standard deviation. *Mann-Whitney test; 2Chi-square test;
SFisher’s Exact Test

Table 2. The levels of AST and ALT in Dengue patients

Figure 1. Comparison of increased rates of AST and ALT in Dengue patients.

Total DHF wn;;glrj]tswarnmg DHF with warning signs 0
Index (xxSD) ( + SD) x£SD)
(x+SD) Median (x£SD) Median (x+SD) Median
AST (U/L) 98.79 + 145.89 59.4 79.75 + 59.85 60.8 111.53 +181.10 57.0 0.769
AST T1 (U/L) 92.26 + 206.53 40.4 58.62 + 63.53 36.8 109.65 +249.22 | 43.06 | 0.262
AST T2 (U/L) 96.72 £107.45 | 59.25 | 69.99 + 32.97 65.8 127.13 + 148.77 48 0.921
ALT (U/L) 65.41 + 89.31 39.02 | 51.61+46.49 | 39.30 74.64 +108.08 39.20 | 0.634
ALT T1 (U/L) 50.43 + 69.31 30.4 42.25+35.41 | 32.65 55.38 + 83.18 29.7 0.909
ALT T2 (U/L) 71.15+91.72 45.1 48.85 + 35.29 42.8 91.95 + 119.58 54.4 0.018
mAST mALT

70 1 63.2

60 -

50 1 424 42.7

40 - p <0.001

30 - 28.1

20 1 129

10 - :

B o
0 .
No increase Increase 1-3 Increase 3-10 Increase >10
times times times
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In our study, the ratio of patients who
increased AST was 57.6%. Most patients had an
increase of 1-3 times in AST level accounting for
43.7%. The rate of ALT increase was less than
that of AST (36.8%) and prevalently increased
by 1-3 times (28.1%) (Figure 1).

AST rose from 1-3 times in the group
without warning signs (51.2%), which was
considerably higher than in the group with
warning signs (37%), p=0.013. The rate of
increase in AST from 3 to 10 times was higher
in the group with warning signs (13.8%).
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However, there was no statistical difference
between the two groups (11.6%). The AST level
rose more than 10 times in the group with
warning signs while that did not occur in DHF
without warning signs (Figure 2a).

There was no significant difference in ALT
levels in the two groups (p>0.05). Whilst none
of the Dengue patients without warning signs
had ALT levels increased upper ten times, 1.1%
of Dengue patients with warning signs induced
ALT increases upper ten times (Figure 2b).

A AST
70.00 1 59 200 p=0.013
60.00 1 45.900 = No increasing
50.00 37 ZOJ 37.00 :
X 4000 - 7 Increase 1-3 times
£ 3000 - I m Increase 3-10 times
® 50.00 - 11.600 13.800 = Increase > 10 times
10.00 - 00 3.300
DHF without ~ DHF with warning
warning signs signs
B ALT
) p=0.723
80.00 7 65 300 61.900
60.00 . .
N ® No increasing
% 40.00 Increase 1-3 times
@
20.00 H |ncrease 3-10 times
00 ® Increase > 10 times
DHF without  DHF with warning
warning signs signs
Figure 2. Comparison of the increase of AST (A) and ALT (B) in two study groups.
Table 3. Deritis index in Dengue patients
Total DH F_ Wlth_out DH_F W|_th OR cl 0
warning signs | warning signs
Deritis <1 (n, %) 40 (13.2) 17 (14.0) 23 (12.7) )
index >1 (n, %) 262 (86.8) 104 (86.0) 158 (87.3) 1123 | 0.572-2:203 | 0.736
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In our study, patients’ Deritis index
(AST/ALT) was common >1 accounting for
86.8%. The similarity was observed in two
groups without and with warning signs which
had Deritis index > 1 accounting for 86.0% and
87.3%, respectively (Table 3).

3.3. Some Factors Related to AST and ALT
Levels in Dengue Patients

The results of analyzing the relationship
between AST and ALT level changes and some
clinical characteristics between the two groups
of Dengue patients are shown in Table 4 and
Table 5.

Table 4. Some characteristics of the AST index in Dengue patients

Index DHF without warning signs DHF with warning signs p
(x £ SD) Median (x £ SD) Median
Gender Male 81.66 + 62.91 60.3 131.85 + 255.03 58 0.978
Female 76.65 £ 55.04 61.8 100.94 + 126.79 55.8 0.833
<40 88.76 + 66.63 62.8 122.86 + 230.32 50.85 0.344
Age 40-60 78.06 + 62.62 64.35 106.68 + 105.71 62.1 0.603
>60 65.98 + 38.85 58.7 95.11 +£120.31 64.95 0.673
<18.5 70.12 £ 63.05 47.6 96.04 + 109.12 51.6 0.760
BMI 18.5-25 82.14 + 61.42 63.6 111.53 +181.10 55.3 0.466
>25 68.09 + 43.96 53.25 133.83 £ 190.57 71.9 0.484
History of Dengue Primary 78.26 £ 56.01 61.5 110.98 + 185.77 54.0 0.574
Secondary 92.12 + 87.51 55.9 119.19 +97.73 93.65 0.406
History of biliary Yes 102.89 + 87.22 54.3 94.56 + 80.65 83.8 0.805
liver disease No 78.33 £ 58.00 61.5 111.01 £183.71 55.8 0.835
Table 5. Some characteristics of the ALT index in Dengue patients
Index DHF without warning signs DHF with warning signs p
(x+SD) Median (x+SD) Median
Gender Male 54.25 + 41.87 41.4 100.94 £126.79 44.3 0.538
Female 47.29 £ 53.38 33.3 71.29 £100.32 34.1 0.408
<40 53.87 + 45.15 40.4 81.87 £ 129.91 39.25 0.910
Age 40-60 56.22 + 58.76 39.0 76.60 + 82.51 39 0.511
>60 41.77 +27.30 39.7 60.02 £ 79.92 39.7 0.781
<18.5 34.99 + 29.73 21.4 64.63 + 73.41 34.1 0.439
BMI 18.5-25 53.29 + 49.43 39.6 69.85 + 98.84 36.9 0.894
>25 51.50 + 28.42 45.0 122.37 + 181.95 49.8 0.435
History of Dengue Primary 50.92 + 46.00 39.0 7457 +£111.16 38.6 0.813
Secondary 57.05 + 52.05 41.1 75.55 +49.98 85.6 0.406
History of biliary Yes 50.51 + 46.02 55.2 74.41 £ 108.74 77.35 0.560
liver disease No 69.40 + 54.30 39.1 96.81 + 108.57 38.8 0.902

When comparing two groups of AST and
ALT indexes, there was no difference in gender,
age, BMI, history of biliary liver disease, and the
number of Dengue times (p>0.05).

When grouping thrombocytopenia by 4
levels (>100G/L, 50-100G/L, 5-50-G/L, <5G/L),
the results in Table 6 showed that the lower the

platelet count group of patients, the higher the
transaminase concentration. This was evident in
the febrile phase (days 1-3) and the critical phase
(4-7 days) for AST (p=0.05 and p=0.001) while
for ALT, it was shown in the critical phase
(p=0.003).
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Table 6. The reduction of platelets related to AST and ALT levels

81

Patients AST ) ALT )
(n, %) (X + SD) U/L P (X + SD) U/L P
Platelet T1
> 100 G/L 145 (78.4) 79.31 + 104.80 56.17 + 67.46
50-100 G/L 31(16.8) 123.94 + 306.18 0.05 64.22 + 137.85 0.321
5-50 G/L 9 (4.8) 147.68 + 239.68 ' 129.79 + 225.62 '
< 5Gl/I 0(0.0)
Platelet T2
> 100 G/L 59 (25.0) 97.49 + 230.34 68.56 + 120.29
50-100 G/L 94 (39.8) 101.49 + 123.05 0.001 65.81 + 96.13 0.004
5-50 G/L 81 (34.3) 129.15 + 124.69 ' 73.70 + 74.06 '
<5G/I 2(0.9) 207.70 + 0.00 112.20 +0.00
4. Discussion depending on each stage of age, geographic

4.1. General Characteristics and the Changes in
Serum Transaminase Levels in the Patients

Dengue fever is still a significant challenge
to public health in Southeast Asia, including
Vietnam. Among 302 patients included in our
study, 181 Dengue patients had warning signs,
121 Dengue patients did not have, and no one
developed severe Dengue. According to a study
in a hospital in Hanoi, Vietham (2015), 122 of
143 patients (85.3%) had at least one dengue
warning sign [14]. Another study in Vietnam
showed that the percentage of Dengue patients
with warning signs was lower than those without
warning signs (110:117) [15]. The difference in
results between the studies happened due to the
distinction in area and time to do the research.
The ratio of males to females in our study was
1:1.2. The proportions of female patients in total
and the group of Dengue with warning signs
were higher than that of males (p<0.001).
Similar results were found in some studies
around the world, such as: in India (2018), with
47% male and 53% female [8] and in Sudan
(2012), male to female ratio was 3:4 [16].
However, according to a study in Hanoi,
Vietnam (2015) [14] and another study in
Vietnam (2022) [15], the proportions of Dengue-
induced males were higher than females. There
are various theories about the prevalence
between men and women induced Dengue,

region, and demand for health services [17].

The age of patients in our study ranged from
8 to 94 years old. The mean age was 44.56 +
19.41. A study in Thailand (2015) illustrated the
mean age of Dengue patients was 49.9 + 16.7
[19]. This figure in another study in Pakistan
(2014) was 35.57 £ 3.81 [11].

Among 302 patients participating in our
study, there were 25 patients (8.3%) with a
history of secondary Dengue, and there was no
significant difference between the two groups of
Dengue with and without warning signs.
Secondary Dengue can increase the risk of
severe disease. However, we did not see a
relationship between the number of dengue cases
and the disease severity in this research. The
number of fever days ranged from 3 to 9 days,
4.01 £ 0.56 days on average. The number of
treatment days ranged from 2 to 14 days, and the
mean was 5.76 £ 2.10. There were similarities
between the time of fever and treatment between
the two groups of patients in our study.

Liver damage with the elevation of
aminotransferases is a prevalent complication of
dengue virus infection. In our study, AST and
ALT indexes increased in all dengue patients,
with mean values were 98.79 + 145.89 U/L and
65.41 + 89.31 U/L, respectively. The mean value
of liver enzymes was lower than that of similar
studies, possibly due to the difference in the
group of patients [12, 19, 20]. The mean values
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of liver enzymes in the group with warning signs
were 115.53 + 181.1 U/L in AST and 74.64
108.08 U/L in ALT. Our results were similar to
Lee (2012) (AST: 114 U/L, ALT: 73 U/L) [19]
and lower than the results of Balakumar (2019)
(AST: 134.84 U/L, ALT: 107.88 U/L) [20].
Though there was no difference in mean values
of liver enzymes between the two groups, AST
and ALT levels tended to be greater in the group
with warning signs. Elevated AST occurred from
the febrile phase of Dengue in the first three
days, while elevated ALT mainly presented
during the critical phase (days 4-7). In the critical
phase of the disease, the increase in ALT in the
group with warning signs was higher than in the
group without warning signs (p < 0.05). The
degree of ALT elevation associated with disease
severity has also been shown in studies by
Zubair (2017) [21] and Ayaz (2020) [23]. 58.6%
of patients increased AST, and 37.8% of patients
increased ALT. Our results were lower than
other studies, with AST increased from 63-97%
and ALT increased from 45-96% [12, 15, 19].
The liver enzyme elevation was primarily from
1-3 times: 42.7% with AST and 28.1% with
ALT. The liver enzymes in our study increased
from low to moderate, and this result was also
shown in other studies [5, 12].

The level of AST in patients without warning
signs increased from 1 to 3 times, which was
higher than in patients with warning signs (p =
0.013). The elevated ALT was similar between
the two groups, as shown in Rajoo’s result
(2008) [12]. Many studies demonstrated that the
elevation of liver enzymes in Dengue is similar
to the increase in viral hepatitis [19, 20].
Therefore, it is necessary to distinguish the cause
of elevated liver enzymes due to DENV or
hepatitis virus. Using the Deritis index, our study
indicated that the AST level increased greater
than ALT in most patients. This result was
similar in both dengue patient groups [5, 8, 19,
20]. This might be because AST is also present
in other organs, such as the heart, muscle, and
bone while ALT is mainly in the liver. An
AST/ALT ratio <1 is commonly present in other

virally acute liver injuries such as hepatitis A, B,
and C [5].

4.2. Some Factors Related to AST and ALT
Indexes in Dengue Patients

In our results, age, gender, BMI, history of
Dengue, and history of chronic hepatobiliary
diseases did not affect the elevation of AST and
ALT in Dengue patients. Samanta (2015)
illustrated a similar result: male and female
gender equally affected liver enzyme elevation
[19]. In Bandaru’ study (2016), there was no
difference in transaminase values between
primary and secondary dengue infection [24].
However, in some other studies, liver damage
was more prevalent in females than males and
patients with primary infection [25]. In the study
by Sekarn (2018), elevated ALT level was more
frequently observed in obese compared to non-
obese patients [26].

Thrombocytopenia is one of the essential
criteria in assessing the severity of Dengue [28].
The hemorrhagic mechanism in DHF is involved
in liver dysfunction and decreased platelet count
[28]. Our study found that patients with lower
platelet counts had higher transaminase levels,
especially in the critical phase of the disease (p
< 0.05). Similar to the results of Dr. Balakumar
J (2019) [22] and Rajni R. (2018) [29], elevated
AST and ALT levels were associated with
decreased platelet count and thus related to
levels of severity of Dengue.

5. Conclusion

AST levels in two groups of Dengue without
and with warning signs were 79.75 £ 59.85 U/L
and 11153 £+ 181.10 U/L, respectively. ALT
levels in the two groups were 51.61 + 46.49 U/L
and 74.64 + 108.08 U/L, respectively. There
were no significant differences in mean AST and
ALT values in the two groups (p > 0.05). Both
AST and ALT increased from the early stage of
Dengue infection. Notably, elevated ALT
occurred from days 4-7 of the disease. The
increases in AST from 1-3 times and > 10 times
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were more common in group Dengue without
warning signs, accounting for 51.2% and 3.3%,
respectively. However, the two groups had no
significant difference in ALT levels. The AST
level was higher than ALT in most patients,
resulting in a Deritis index > 1. There was no
correlation between age, sex, BMI, history of
Dengue, and chronic liver disease with elevated
levels of liver enzymes in the two groups.
Patients with lower platelet counts had greater
transaminase levels, particularly during the
disease's critical phase (p < 0.05), thus related to
the severity of Dengue infection.

Acknowledgment

We would like to thank the lecturers and staff
of the Basic Science Department of University
of Medicine and Pharmacy - Vietnam National
University, Hanoi, and E Hospital for supporting
and facilitating us in carrying out this study.

References

[1] N. E. Anne, M. B. Mikkel, Q. A. Wilder,
Epidemiology of Dengue: Past, Present and Future
Prospects, Clinical Epidemiology, Vol. 20, No. 5,
2013, pp. 299-309,
https://doi.org/10.2147/CLEP.S34440.

[2] World Health Organization, Update on the Dengue
Situation in the Western Pacific Region, Dengue
Situation Update Number 602, 2020.

[3] World Health Organization, Update on the Dengue
Situation in the Western Pacific Region, Dengue
Situation Update Number 648, 2022.

[4] E.E.Byron, M. Penelope, K. Albert DME, Dengue
Virus Pathogenesis: An Integrated View, Clinical
Microbiology Reviews, Vol. 22, No. 4, 2009,
pp. 564-581, https://doi.org/10.1128/CMR.00035-09.

[5] L. José, S. José Galvao, A. R. Maria Ribeiro, N. C.
Gicovate, N. Diogo Assed, B. Edno Wallace da
Silva, S. Joao Tadeu Damian Souto, F. Thiago de
Abreu, C. Carlos Eduardo, S. Rodrigo da Costa,
Aminotransferase Changes and Acute in Patients
with Dengue Fever: Analysis of 1,585 Cases, The
Brazilian Journal of Infectious Diseases, Vol. 8,
No. 2, 2004, pp. 156-163,
https://doi.org/10.1590/s1413-86702004000200006.

[6] B. Renan, D. W. Gustavo, K. Fabio, L. Onuki, C.
A. Vanda, S. E. Jose, L. S. Claudio, Involvement
of the Central Nervous System in Patients with
Dengue Virus Infection, Journal of the
Neurological Sciences, Vol. 267, No. 1, 2008,
pp. 36-40,
https://doi.org/10.1016/j.jns.2007.09.040.

[7]1 G. Padmalal, J. Umesh, W. Kamani, W. Ananda,
P. Jennifer, L. S. Suranjith, Renal Expressions of
Dengue Virus Infections, J Clin Virol, Vol. 101,
2018, pp. 1-6,
https://doi.org/10.1016/j.jcv.2018.01.001.

[8] R. Kavitha, N. Seema, O. Vidya, Clinico
Hematological Profile of Dengue Fever During the
Monsoon of 2016 in Central Kerala, International
Journal of Health Sciences & Research, ISSN:
2249-9571, Vol 8, No. 12, 2018, pp. 18-24.

[9] L. José, S. R. M. Ribeiro, N. L. Cordeiro, S. C. E.
Cordeiro, S. B. Fernandes, R. F. Pinto, A. F.
Rodrigues, V. F. E. Baldi, The Impact of Dengue
on Liver Function as Evaluated by
Aminotransferase Levels, The Brazilian Journal of
Infectious Diseases, Vol. 11, No. 4, 2007,
pp. 407-410, https://doi.org/10.1590/s1413-86702
007000400007.

[10] T.Trung, D.T.T. Thao, L. T. Hien, T. T. Hung, N.
N. Vinh, N. T. D. Hien, P. T. Chinh, N. Cameron,
S. Bridget, Liver Involvement Associated with
Dengue Infection in Adults in Vietnam, Am J Trop
Med Hyg, Vol. 83, No. 4, 2010, pp. 774-800,
https://doi.org/10.4269/ajtmh.2010.10-0090

[11] A. Asim, A. A. Haider, B. Ambreen, A. N. Amir,
H. Asif, Assessment of Dengue Fever Severity
Through Liver Function Tests, Journal of the
College of Physicians and Surgeons Pakistan,
PMID: 25233967, Vol. 24, No. 9, 2014,
pp. 640-644,

[12] R.Singh, C. Omesh, G. D. Kaur, C. Prerna, G. Raj,
K. Sandeep, Liver Function Tests in Patients with
Dengue Viral Infection, Dengue Bulletin, Vol. 32,
2008, pp. 110-117.

[13] World Health Organization. Dengue: Guidelines
for Patient Care in the Region of the Americas,
Washington D.C, 2016.

[14] R. Walter, T. Annette, F. K. Thi, P. N. M. Hoa, L.
T. H. Ninh, T. V. Giang, T. B. Thanh, N. M. Van,
N. T. Lien, N. Sophie, Y. T. T. Hoai, N. H. Ha, N.
D. Hien, N. Heiman, W. Peter, H. Jeremy, F. T. M.
Lien, T. V. Kinh, Dengue in Adults Admitted to a
Referral Hospital in Hanoi, Vietham, Am J Trop
Med Hyg, Vol. 92, No. 6, 2015, pp. 1141-1149,
https://doi.org/10.4269/ajtmh.14-0472.


https://doi.org/10.1590/s1413-867

84

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

B. T. T. Hoai et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences, Vol. 41, No. 1 (2025) 75-84

V. Huy, B. V. Toan, Prognostic Indicators
Associated with Progresses of Severe Dengue,
PloS One, Vol. 17, No. 1, 2022,
https://doi.org/10.1371/journal.pone.0262096.

K. Ali, Degree of Liver Injury in Dengue Virus
Infection, Journal of General and Molecular
Virology, Vol. 4, No. 1, 2012, pp. 1-5,
https://doi.org/10.5897/JGMV11.023.

A. Martha, A. Yuzo, Male-Female Differences in
the Number of Reported Incident Dengue Fever
Cases in Six Asian Countries, Western Pacific
Surveillance and Response Journal, Vol. 2, No. 2,
2011, pp. 17-23,
https://doi.org/10.5365/wpsar.2011.2.1.002.

K. H. Jie, L. I. Kit, L. J. Wei, Analyses of Clinical
and Laboratory Characteristics of Dengue Adults
at Their Hospital Presentations Based on the
WorldHealth Organization Clinical-phase
Framework: Emphasizing Risk of Severe Dengue
in the Elderly, J Microbiol Immunol Infect,
Vol. 51, No. 6, 2018, pp. 740-748,
https://doi.org/10.1016/j.jmii.2016.08.024.

S. Jayanta, S. Vishal, Dengue and Its Effects on
Liver, World Journal of Clinical Cases, Vol. 3,
No. 2, 2015, pp. 125-131,
https://doi.org/10.12998/wijcc.v3.i2.125.

Z. Ambreen, A. Ahmad, S. A. Murtaza,
Assessment of Dengue Fever Severity Through
Liver Function Test, Intechopen, 2017, Chapter 3,
pp. 43-51,
http://dx.doi.org/10.5772/intechopen.68949.

K. Linda, L. C. Victor, G. J. Vernon, L. S. Adriana,
T. Y. Sin, L. C. David, Clinical Relevance and
Discriminatory ~Value of Elevated Liver
Aminotransferase Levels for Dengue Severity,
PLoS Neglected Tropical Diseases, Vol. 6, No. 6,
2012, pp. 1676,
https://doi.org/10.1371/journal.pntd.0001676.

J. Balakumar, S. Balasubramaniyan, N. Paari,
Study of Serum Aminotransferase Levels in
Dengue Fever and Its Correlation, Journal of
Medical Science and Clinical Research, Vol. 7,

[23]

[24]

[25]

[26]

[27]

(28]

[29]

No. 11, 2019, pp. 36-41,
https://dx.doi.org/10.18535/jmscr/v7ill.

A. Fatima, F. Muhammad, Assessment of Severity
of Dengue Fever by Deranged Alanine
Aminotransferase Levels, Vol. 12, No. 9, 2020, pp.
€10539, https://doi.org/10.7759/cureus.10539.

A. Kumari, B. C. Sekhar, Early Predictors to
Differentiate Primary from Secondary Dengue
Infection in Children, Medical Journal of Dr. D.Y.
Patil University, Vol. 9, No. 5, 2016, pp. 587-593.
https://doi.org/10.4103/0975-2870.192149.

L. José, S. R. Maria Ribeiro, N. L. Cordeiro, S. C.
E. Cordeiro, S. B. Fernandes, R. F. Pinto, A. F.
Rodrigues, V. F. E. Baldi, The Impact of Dengue
on Liver Function as Evaluated by
Aminotransferase Levels, Brazilian Journal of
Infectious Diseases, Vol. 11, No. 4, 2007,
pp. 407-410, https://doi.org/10.1590/s1413-
86702007000400007.

V. P. Khei, T. C. Fang, N. E. Ziyan, L. Amutha, R.
L. Yih, P. J. Ing, N. S. Syed, H. Xuan Ye, N.
Amreeta, The Association Between Obesity and
Dengue Virus (DENV) Infection in Hospitalised
Patients, Plos One, Vol. 13, No. 7, 2018,
pp. €0200698,
https://doi.org/10.1371/journal.pone.0200698.

K. Jayashree, K. C. Manasa, P. Pallavi, G. V.
Manjunath, Evaluation of Platelets as Predictive
Parameters in Dengue Fever, Indian Journal of
Hematology & Blood Transfusion, Vol. 27, No. 3,
2011, pp. 127-130,
https://doi.org/10.1007/s12288-011-0075-1.

A. Tuiskunen, B. Ake, Dengue Viruses an
Overview, Infection Ecology & Epidemiology,
Vol. 3, No. 10, 2013,
https://doi.org/10.3402/iee.v3i0.19839.

R. Rajni, S. K. Meghana, P. Akanksha, Correlation
of Liver Transaminases with Platelet Count in
Dengue Patients from Tertiary Care Hospital in
Western India, International Journal of Current
Research and Review, Vol. 10, No. 5, 2018,
pp. 16-22,
https://doi.org/10.7324/1JCRR.2018.1053.



