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Abstract
Liver injury with marked elevation of aspartate aminotransferase enzyme (AST) is commonly observed in dengue 
infection. To understand the pathogenesis of this liver damage, we compared the plasma levels of hepatic 
specific, centrilobular predominant enzymes (glutamate dehydrogenase, GLDH; glutathione S transferase-α, αGST), 
periportal enriched 4-hydroxyphenylpyruvate dioxygenase (HPPD), periportal predominant arginase-1 (ARG-1), and 
other non-specific biomarkers (paraoxonase-1, PON-1) in patients with different outcomes of dengue infection. This 
hospital-based study enrolled 87 adult dengue patients, stratified into three groups based on plasma AST levels 
(< 80, 80–400, > 400 U/L) in a 1:1:1 ratio (n = 40, n = 40, n = 40, respectively. The new liver enzymes in the blood 
samples from the 4th to 6th days of their illness were measured by commercial enzyme-linked immunosorbent 
assay (ELISA) or colorimetric kits. Based on the diagnosis at discharge days, our patients were classified as 40 (46%) 
dengue without warning signs (D), 35 (40.2%) dengue with warning signs (DWS), and 11 (12.6%) severe dengue 
(SD) with either shock (two patients) or AST level over 1000 U/L (nine patients), using the 2009 WHO classification. 
The group of high AST (> 400 U/L) also had higher ALT, GLDH, ARG-1, and HPPD than the other groups, while the 
high (> 400 U/L) and moderate (80–400 U/L) AST groups had higher ALT, αGST, ARG-1, and HPPD than the low AST 
group (< 80 U/L). There was a good correlation between AST, alanine aminotransferase enzyme (ALT), and the new 
liver biomarkers such as GLDH, αGST, ARG-1, and HPPD. Our findings suggest that dengue-induced liver damage 
initiates predominantly in the centrilobular area toward the portal area during the dengue progression. Moreover, 
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Introduction
Dengue is currently prevalent in 125 countries world-
wide, with two-fifths of the world’s population at risk, 
and affects approximately 100 million people every year 
[1]. This number is estimated to increase in the near and 
distant future due to the suitability of climate and envi-
ronment [2]. The spectrum of dengue infection ranges 
from an asymptomatic condition to a severe disease [3, 
4]. The 2009 World Health Organization (WHO) guide-
lines classify dengue infection severity into three main 
groups including dengue without warning signs (D), den-
gue with warning signs (DWS), and severe dengue (SD) 
based on clinical manifestations (vomiting, abdominal 
pain, hemorrhage), organ dysfunction (liver, renal, coagu-
lation disorders) or shock (related to vascular permeabil-
ity) [3].

Organ involvement has often been considered in den-
gue patients. Particularly, hepatic dysfunction is a well-
recognized complication of this condition, with elevated 
AST and ALT occurring in 86% and 46%, respectively [5, 
6]. Liver dysfunction is attributed to apoptosis of hepa-
tocytes, hypoperfusion, and hypoxic damage of liver cells 
due to plasma leakage, oxidative stress, or immune-medi-
ated liver injury [7–9].

Acute dengue infection can lead to varying degrees of 
liver damage (LD) that can be detected from the elevation 
of transaminases, hepatomegaly, jaundice, and even acute 
liver failure with hepatic encephalopathy. Acute liver fail-
ure can be fatal, especially if it presents in patients with 
coagulation disorders, renal dysfunction, and metabolic 
derangements [10–14]. Liver involvement with extremely 
high transaminases can fully resolve as the acute infec-
tion recovers [12]. A major chunk (65–97%) of dengue 
patients with hepatic derangement has the maximum rise 
in hepatic aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) at convalescence (days 7–10) 
[15, 16].

The liver dysfunction in dengue is measured in terms 
of the rise in AST levels, where higher values are associ-
ated with a more severe condition, development of com-
plications, and prolonged stay in the hospital. Elevation 
of AST is therefore considered a prognostic marker and 

marker for severity classification [6, 17, 18]. Indeed, our 
previous systematic review and meta-analysis found a 
significant association between AST and SD [19]. LD 
biomarkers such as glutamate dehydrogenase (GLDH), 
glutathione S transferase-α (αGST), arginase-1 (ARG-1), 
paraoxonase-1 (PON-1), and 4-hydroxyphenylpyruvate 
dioxygenase (HPPD) have been recently investigated in 
numerous liver involvement, especially in drug-induced 
hepatic impairment. Previous studies report that GLDH 
[20–22] and αGST [23, 24] are mainly present in the 
hepatic centrilobular area, HPPD, also known as F-pro-
tein, is expressed in all hepatocytes and enriches in the 
periportal region [22, 23, 25, 26], while ARG-1 is highly 
found in the portal area [26–28].

We, therefore, conducted this study to assess these 
new markers of LD in Dengue patients and to explore 
the characteristics of hepatic zonal damage in dengue 
infection.

Methods
Ethical statement
This case-control study was performed on adult den-
gue patients in the Hospital for Tropical Diseases of Ho 
Chi Minh City, Vietnam. The study was approved by the 
institutional review board of the Hospital for Tropical 
Diseases of Ho Chi Minh City (ID: 1104/QD-BVND). 
Written informed consent was obtained from each 
patient upon enrollment. All the methods followed the 
relevant approved regulations, guidelines, and declara-
tion of Helsinki.

Participants’ enrollment
We enrolled all dengue patients presenting to our setting 
between October 2015 and December 2016 on days 4 to 
6 of dengue illness based on either a positive dengue IgM 
or non-structural protein 1 (NS1).

All hospitalized dengue cases during the study period 
were eligible for selection and were then stratified into 
three groups of equal size based on their plasma AST 
levels: less than 80 U/L, 80–400 U/L, and greater than 
400 U/L (Fig. 1). All included patients satisfied the 2009 
WHO criteria for dengue diagnosis [3] and were positive 
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for dengue IgM or NS1. Accordingly, patient severity 
was classified at both admission and discharge. Patients 
were recruited from normal wards for dengue-infected 
patients or from the ICU if they were transferred due to 
shock. However, patients with shock at enrollment were 
excluded, as AST levels can be elevated in individuals 
with hypoperfusion [6, 17, 18]. Non-laboratory-con-
firmed cases were also excluded.

Sample collection
A venous blood sample was collected in EDTA tubes on 
the 4th – 6th day of illness. Plasma was separated by cen-
trifugation at 1000 × g for 10 min and was stored at -20° 
until used for the enzyme testing.

Dengue confirmation
All cases were diagnosed as dengue patients if they had 
positive results for either dengue NS1 protein on the 
1st – 4th day or IgM against dengue virus on the 6th day 
of illness (in case they were negative for NS1) using SD 
BIOLINE Dengue Duo Strip Kit (Standard Diagnostic 
Inc., Korea).

Liver enzymes and liver span measurement
Plasma αGST level was measured by sandwich ELISA 
using (GS41 2kit, Oxford Biomedical Research, Inc., 
USA), which does not cross-react with mu, theta or pi 
variants. HPPD was detected by the sandwich ELISA 
kit (ABIN419893 2kit) produced by Abbiotec™ (USA). 
ARG-1 was also quantified using the ELISA kit (EH1274, 
FineTest Biotech Co. Montgomery, TX, The Nether-
lands). Colorimetric assays were applied to quantify 
GLDH (ab102527 kit, Abcam Inc.), and PON-1 (Para-
oxonase Enzyme Activity Assay Kit, Baran Medikal) 
according to the manufacturer’s instructions. Liver spans 
were measured using ultrasound.

Statistical analysis
The skewness and kurtosis tests were used to test the 
normal distribution of continuous variables. Frequen-
cies and percentages were used to describe categorical 
variables. The Chi-squared test (or Fisher’s exact test, 
as appropriate) was used for categorical data. Student’s 
t-test (one-way ANOVA test for > 2 groups comparisons) 
was used for normally distributed continuous variables 
while the Kruskal-Wallis H test was used for continuous 

Fig. 1  A flow diagram to visualize the selection of the participants
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non-normally distributed variables. The correlation was 
analyzed using the Spearman-rank test. Data were ana-
lyzed using MedCalc version 14.8.1 and RStudio software 
version 3.2.4. The data for patients and the R script can 
be obtained from the authors. Results were considered 
statistically significant with p < 0.05.

Results
Patients’ characteristics
A total of 87 dengue adult patients were enrolled into 
three equal groups based on plasma AST levels (< 80, 
80–400, > 400 U/l), where 29 patients were equally allo-
cated to each group. In our sample, we had 50 (57.5%) 
dengue (D) cases, 29 (33.3%), dengue with a warning 
sign (DWS), and 8 (9.2%) severe dengue cases (SD) with 
AST > 1000 U/L according to the 2009 WHO severity 
classification (Fig. 1). The median (IQR) age was 24 (18–
34), and the median (IQR) duration of fever was 5 (5–6) 
days.

At discharge, there were 2 (2.3%) cases with shock 
(DS), 10 cases without shock but with AST > 1000 U/L 
(11.5%, included 2 progressing cases), 35 cases of dengue 
with warning signs (DWS) (40.2%, includes 6 progressing 
cases) and 40 cases (46%) dengue (D).

The median (IQR) of variables of the study popula-
tion were described as ALT 91 (34–290) U/L, GLDH 
4.01 (2.83–5.42) U/L, αGST 10.19 (6.92–14.56) ng/mL, 
ARG-1 101.18 (70.43-181.75) ng/mL, PON-1 9.99 (6.77–
13.76) U/L and HPPD 827.05 (600.28-1056.53) ng/mL.

Characteristics and value of biomarkers of three AST 
groups
The group of moderate AST (80–400 U/L) was older than 
the others (median age was 32 vs. 22 and 23) (p = 0.01). 
BMI differences existed among the high, moderate, and 
low groups of AST (p = 0.03) with higher BMI in the mod-
erate and high AST groups than in the low AST group. 
The group of high AST (> 400 U/L) had also higher ALT, 
GLDH, ARG-1, and HPPD than the other groups while 
the high (> 400 U/L) and moderated (80–400 U/L) AST 
group had higher ALT, αGST, ARG-1, and HPPD than 
the low AST group (< 80 U/L). The values of PON were 
not different between the three groups (Table 1).

Our co-efficient correlation analysis revealed signifi-
cant correlations among GLDH with αGST (p = 0.002), 
ARG-1 (p = 0.01), and HPPD (p < 0.001); among αGST 
with ARG-1 (p = 0.001), HPPD (p < 0.001) and minimal 
platelets count (p = 0.003) and among ARG-1 with HPPD 
(p < 0.001). We also found a correlation between PON-1 
and liver span. Moreover, there were significant corre-
lations among AST and each of ALT (p < 0.001), GLDH 
(p = 0.003), αGST (p < 0.001), ARG-1 (p < 0.001), HPPD 
(p < 0.001), minimal platelets count (p < 0.001), and liver 
span (p = 0.047) while ALT was also significantly corre-
lated with GLDH (p = 0.009), αGST (p < 0.001), ARG-1 
(p < 0.001), HPPD (p < 0.001), and minimal platelets count 
(p < 0.001), but not with liver span (Fig. 2).

Table 1  Baseline characteristics and value of biomarkers of 
the three included groups according to the different AST level 
categories

Group of AST (U/L) P-value†
Low (< 80) 
(N = 29)

Moderate 
(80–400) 
(N = 29)

High 
(> 400) 
(N = 29)

Baseline characteristics
Age 22 (17–25) 32 (22–37) 23 

(19–34)
0.01b

BMI 20.31 
(18.08–22.15)

22.66 
(20.03–
25.15)

21.9 
(19.48–
24.97)

0.03b

Male (%) 58.6 62.1 58.6 NSa

Duration of fever 5 (5–6) 5 (4–5) 5 (5–6) NSa

Liver span (cm) 10 (10–11) 10 (10–12) 10 
(10–14)

NSa

Lowest platelet 
count (/mm3)

46 (24–63) 30 (19–46) 22 
(14–37)

0.02b

Liver enzymes
ALT (U/L) 25 (18–34) 91 

(73–136)
489 
(268–
630)

< 0.001b

GLDH (U/L) 3.63 (2.86–4.37) 3.71 
(2.63–4.59)

5.28 
(3.7–
6.39)

0.021b

αGST (ng/mL) 6.88 (3.61–11.02) 11.08 
(8.14–
15.63)

11.3 
(8.36–
16.66)

0.001b

ARG-1 (ng/mL) 83.08 
(67.15-113.35)

102.55 
(77.25-
140.15)

181.75 
(73.6-
266.58)

0.008b

PON (U/L) 9.4 (6.92–12.10) 10.83 
(7.4–16.3)

10.45 
(6.47–
14.06)

NS

HPPD (ng/mL) 390.8 
(289.05–687.2)

847.33 
(715.88-
953.18)

944.5 
(827.05-
1181.43)

< 0.001b

aChi square test; b Kruskal-Wallis test

Abbreviations BMI = Body mass index, AST = Aspartate transaminase, 
ALT = Alanine transaminase, GLDH = Glutamate dehydrogenase, 
αGST = Glutathione S transferase-α, ARG-1 = Arginase-1, PON-1 = Paraoxonase-1, 
HPPD = 4-Hydroxyphenylpyruvate dioxygenase

†Median (IQR), Kruskal-Wallis H test was used for continuous variables not 
normally distributed in the three groups. Frequency and % and Chi-squared 
test were used for categorical variables, Fisher’s exact test was used due to the 
small number of participants in each group. Continuous data are represented 
as median (IQR) unless otherwise stated. Categorical data are represented as 
frequency and percentage
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Discussion
In our study, we found that the group with AST > 400 U/L 
had higher ALT, GLDH, αGST, ARG-1, and HPPD. Inter-
estingly, our findings suggest that dengue-induced liver 
damage is initiated predominantly in the centrilobular 
area toward the portal area during the dengue progres-
sion. This progression is against the direction of blood 
supply which follows from portal veins and hepatic arter-
ies draining in central veins, at centrilobular zones.

Additionally, despite a remarkably uniform anatomi-
cal structure consisting of hexagon-shaped lobules, liver 
parenchyma is heterogeneous in terms of cell types and 
functional origination. Key liver metabolic enzymes are 
expressed differently within different (periportal, mid-
zonal, or centrilobular) zones on the long porto-central 
axis of the hepatic lobules, a phenomenon termed meta-
bolic zonation [22, 29, 30]. ARG-1 and HPPD are associ-
ated with severe dengue, which can be attributed to the 
predominant of these enzymes in the periportal zones 
of the hepatic lobules [31]. Also, ALT and AST have a 
pan-lobular distribution but more predominantly in peri-
portal areas [22, 23]. Subsequently, periportal zones are 
more affected in severe cases. However, a specific peri-
portal enzyme (like ARG-1, HPPD) may better prognose 
the severity of liver injury than other enzymes that show 
less prominence in the periportal area compared to the 
centrilobular area, like AST and ALT.

The exact etiology of this direction in liver injury pro-
gression is still unknown but it can be attributed to many 
factors. It can be suggested that this track and sequence 
of liver damage is due to the dependence of the centrilob-
ular area on the hepatic veins with lower oxygen gradient, 
unlike the periportal area on the hepatic arteries [29], 
making centrilobular areas more liable for injury and 
damage which suggest, in part, a hypoxemic injury. Sub-
sequently, dengue infection can affect the vascular supply 
to the liver with vascular leakage and endothelial damage 
[32]. This may lead to increased oxygen free radicals and 
mediators which finally cause tissue damage [33].

Furthermore, the centrilobular zone of the liver is con-
sidered a vulnerable zone in many cases such as hypoxia, 
toxins, metabolic disorders, drugs, and inflammatory 
conditions. This is due to the low oxygen concentration 
and enzymes as described. The centrilobular zone is 
assumed to be the first affected zone in viral hepatitis and 
autoimmune hepatitis [34–37]. Also, the centrilobular 
zone has a higher activity of Kupffer cells than the peri-
portal zone, although it is more numerous in the peri-
portal zone [22]. Notably, the Kupffer cell is one of the 
main target cells in dengue infection, which may explain 
the liability of damage in the centrilobular zone in den-
gue [32].

Indeed, Kuo et al. suggest that dengue may cause a 
hepatic injury and transaminase rise akin to that in 
patients with conventional viral hepatitis [38]. Further, 

Fig. 2  A Correlation matrix of different liver enzymes with each other and with the liver span, as well as minimal platelets, count. Abbreviations; AST = As-
partate transaminase, ALT = Alanine transaminase, HPPD = 4-Hydroxyphenylpyruvate dioxygenase, PON-1 = Paraoxonase-1, GLDH = Glutamate Dehydro-
genase, ARG-1 = Arginase-1, αGST = Glutathione S Transferase-α. Correlation findings by Spearman-rank test. Significant correlations are in bold. Patients’ 
number = 87 for all variables
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Chen et al. revealed a strong correlation between hepatic 
cellular infiltration and T-cell activation in immuno-
competent mice infected with dengue. Moreover, they 
also found that the kinetics of hepatic enzyme elevation 
correlated with that of T-cell activation and suggested a 
relationship between the elevation of liver enzymes and 
T-cell infiltration [39].

Similarly, biopsy specimens from dead DSS patients 
reveal various forms of liver injury with hepatocellular 
necrosis, Kupffer cell (KC) hyperplasia and destruction, 
microvesicular steatosis, and a pauci-cellular inflamma-
tory infiltrate being the most common histological fea-
tures [6, 40–45]. Hepatocellular necrosis varies from mild 
focal necrosis with Councilman bodies to severe sub-
massive and massive necrosis affecting all zones of the 
hepatic lobules. Interestingly, in dengue cases with mild 
liver injury, lesions are mainly observed at mid-zonal and 
centrilobular areas [42, 43, 46].

Moreover, dengue virus was often isolated from 
Kupffer cells, endothelial cells, and hepatocytes at injured 
sites [41, 47–49], suggesting a direct effect of dengue 
virus-induced hepatocellular necrosis. Also, Seneviratnea 
et al. show that the dengue virus is capable of replicating 
in hepatocytes and KC and dysregulated host immune 
responses may have a significant causative role in the 
LD. In contrast to the plasma ALT, GLDH had a 10-fold 
greater magnitude and persisted longer. Moreover, serum 
GLDH is more liver-specific than transaminases and is 
not substantially affected by skeletal muscle damage [50, 
51].

The HPPD was a more sensitive and specific biomarker 
of LD than AST and revealed a close correlation with the 
histological assessment of LD [52]. Similarly, αGST was 
found in a high concentration in centrilobular cells and 
hence is more sensitive to LD in this liver metabolic zone 
[51]. In addition, the fold increase of αGST is more than 
serum transaminases but less than GLDH [53]. Akin to 
ALT, the activity of GLDH rises with the LD severity [50, 
54]. Larger ranges of some GLDH and HPPD should be 
considered in observation studies and differentiate the 
severity of LD.

Ashamiss et al. suggested ARG-1 as a highly liver-
specific biomarker with a higher specificity compared to 
other liver enzymes [55]. Our previous systematic review 
and meta-analysis disclosed an association between 
thrombocytopenia and dengue severity [19], following 
the WHO recommendation of using low platelets count 
as a warning sign in dengue [3].

This study had three limitations. Firstly, the reversal 
correlation between minimum platelet count and AST, 
ALT, αGST, and HPPD may be due to the independent 
associations of both platelet count and liver enzymes 
with disease severity, by various systemic mechanisms 
[6, 56–58]. However, platelets may play important local 

specific effects on liver injury. Platelets recruited to the 
liver, on the one hand, increased platelet destruction. 
On the other hand, they can form clots and extravasated 
platelet aggregation leading to hepatic microcircula-
tory dysfunction and worsening hepatic hypoperfusion. 
Moreover, activated platelets can exaggerate hepatocel-
lular necrosis by releasing mediators such as serotonin 
or by promoting the accumulation of other inflammatory 
cells in the liver, including T-lymphocytes [59, 60]. Sec-
ondly, sampling methods may not be ideal since blood 
samples were taken at a single timepoint from day 4 to 
6, while different liver enzymes have different peaks after 
injury. The sample size of this study may limit the gener-
alizability of our findings. Moreover, this study may pose 
some concerns about information bias because some 
patients were more closely monitored in the ICU. Hence, 
adverse events were more likely to be readily spotted. 
However, this study followed the same methodology 
of previous projects that aimed at investigating similar 
exposures and outcomes [5, 61, 62]. Thirdly, there might 
be cross-reactivities among IgM in dengue and other fla-
vivirus infections that potentially affect the accuracy of 
dengue classification  [63]. However, we did not merely 
rely on IgM, but also other clinical and sub-clinical cri-
teria for the diagnosis. Due to the above limitations, all 
studies conducted to date, including ours, should not be 
used for outcome prediction. Subsequently, it is not in 
our capacity to draw firm conclusions about the predict-
ability of our findings.

Conclusions
By studying 87 dengue cases, we found a significant 
correlation between AST, ALT, and the new liver bio-
markers, including GLDH, αGST, ARG-1, and HPPD. 
Our findings suggest a possible progression of dengue-
induced liver damage starting in the centrilobular area 
(where GLDH and αGST are predominantly found) and 
moving towards the periportal area (where HPPD and 
ARG-1 are primarily located) during the disease. More-
over, HPPD, ARG-1, GLDH, and αGST could potentially 
serve as good markers of dengue severity. However, fur-
ther validation with larger studies and the development 
of predictive models incorporating these novel biomark-
ers is crucial for healthcare providers, enabling them to 
predict patient outcomes and make informed decisions 
in dengue management.
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