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Abstract

The prevalence of dengue in Mexico and the participation of the four serotypes make the correct
handling of the disease a difficult task. Dengue-infected people will probably present different clinical
profiles depending on the dengue serotypes and genotypes. As a consequence, both diagnosis and
treatment will become difficult. Administration of paracetamol, for instance, could increase liver damage.

The aim of this study was to analyse whether liver damage is being reported in patients suffering from
dengue virus infection, and if the severity of the damage depends on the infecting serotype. To correlate the
clinical observations, a parallel study was carried out in BALB/c mice infected with each of the four serotypes.

Eighty-four serum samples from clinically-diagnosed dengue patients were collected from 13 endemic
areas of Mexico. Ten (unless otherwise stated) serum samples of each available serotype were tested for
the three main liver transaminases, aspartate aminotransferase (AST), alanine-aminotransferase (ALT)
and lactate dehydrogenase (LDH).

To test the same on animal model, four groups of mice were infected with each of the four dengue
virus serotypes and a non-infected group of mice was included as a control. From these animals, the
livers were excised and weighted to look for hepatomegaly and their sera were collected to measure the
levels of AST, ALT and LDH.

The dengue serotype was assessed by RT-PCR, which clearly established a correlation between
liver damage and DENV-2, 1 and 3 in that order, based on the AST enzyme activity. In the case of
infected mice, higher liver damage, based on liver size and AST activity, were observed for DENV-2, 1,
3 and 4. Based on these findings, it is strongly suggested to establish a compulsory check-up of dengue
patients in regard to their liver enzyme profiles before administering paracetamol.
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Introduction

Dengue viruses (DENV) are classified into four
serotypes (DENV-1, 2, 3 and 4).[1-4] Their
geographical distribution has greatly expanded

in tropical and subtropical countries, and it is
the main causal agent of morbidity throughout
endemic regions. [1-3] In humans, DENV
infection leads to a spectrum of clinical
manifestations that range from inapparent or
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mild febrile illness as dengue fever (DF) to
severe and fatal haemorrhagic disease as
dengue haemorrhagic fever (DHF) and dengue
shock syndrome (DSS).[4] Although there is
some progress in developing a vaccine against
DENV, no vaccine is yet available.[5,6] Infection
with any of the four serotypes causes similar
clinical manifestations, including headache,
retro-orbital and abdominal pain, bodyaches,
nausea and vomiting, joint pains, weakness,
and rash. Body temperature may initially rise
and remain high for 2 to 7 days. By the end of
the febrile illness, or just after the temperature
returns to normal, petechiae may appear.

Prior immunity to dengue virus, a feature
of more than 90% of dengue cases, results in
immune enhancement and massive release of
cytokines with vasoactive properties. Blood
tests will usually show platelet counts lower
than 100 000/mL and evidence of vascular leak
syndrome has been observed.[7] Despite that
the World Health Organization (WHO)
guidelines are appropriate to classify those
patients presenting DF or DHF in endemic
areas in practice, the classification criteria are
difficult to adhere, as each infected person will
present a wide variety of clinical manifestations
as a result of manifestations by different
dengue virus-strains and/or serotypes.[8-11] Liver
is one of the major target organs involved in
acute dengue virus infections; hepatomegaly
and increased levels of AST and ALT are
common manifestations of this infection. In
dengue virus-induced hepatitis, the level of AST
has been found to be higher than the level of
ALT.[12-14] As a first approach to treat fever,
administration of paracetamol is indicated.
However, paracetamol treatment may increase
the risk of liver injury, as several reports have
demonstrated a correlation between
paracetamol (acetaminophen) administration
and severe liver damage.[15] Even if the doses
of paracetamol are lower than the normally
indicated, it can cause fulminate hepatitis in
children under 9 years of age. In Mexico, the
prevalence of the four serotypes is increasing

and epidemiological studies have indicated that
the number of DHF cases reported in the last
two years (2005–2006) were due to DENV-2
and 3, and that a few deaths were due to
DENV-3. Nevertheless, clinical reports from
most of the regional health centres lacked the
observations on liver damage, perhaps due to
either the clinicians’ lack of experience in
detecting hepatomegaly, or because
hepatomegaly is considered a minor parameter
to be taken into account in the elaboration of
the clinical sheets of dengue patients.

Currently, there is not a single study where
an analysis has been made on the severity of
liver damage as related to the serotype of
infecting dengue virus. In addition, we propose
if it is necessary to assess liver function in dengue
patients before paracetamol administration to
avoid increasing the risk of liver damage and
severe hepatic failure, specifically in endemic
areas and among children, malnourished
patients and old people.

Materials and methods

Human sera samples

One hundred serum samples were collected
after the rainy season during 2005–2006 from
patients clinically diagnosed as having dengue
virus infection. The samples were obtained
from regional hospitals of 13 states of Mexico.
Eighty-four out of the 100 samples were
confirmed to be dengue-positive by RT-PCR
as reported by Lanciotti.[16] Anti-dengue IgG
and anti-dengue IgM ELISA-based
determinations were carried out to identify
primary and secondary infections, as reported
elsewhere.[17] Virus isolation was done in C6/
36 cells. Confirmation of dengue virus infection
and serotyping was performed at the Instituto
de Diagnóstico y Referencia Epidemiológicos,
SS (InDRE), in Mexico City. The clinical
diagnosis of DF or DHF was done in accordance
with the WHO criteria (Table 1).
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City of 4–5 weeks of age were divided into
five groups of three animals each. Groups 1 to
4 were injected i.p. with 1×108 PFU of DENV-
1 to 4, respectively. The fifth group of animals
received supernatant with no virus (mock
infection). Seven days post-infection, the mice
were anaesthetized, bled to death, and their
livers and spleens removed, sized and weighted
to assess any degree of splenomegaly and
hepatomegaly. Sera from these animals were
used for liver AST, ALT and LDH enzymatic
activity determination. Three independent
experiments were carried out (9 mice per
treatment, in total). Virus isolation from mice
sera was done in VERO cells in order to
corroborate infection.

Determination of liver enzymatic
activity in human serum samples

Serum samples from 30 DF (with primary
infection), 22 DHF (20 with secondary
infection and 2 with primary infection) clinically-
diagnosed patients, serotyped by RT-PCR,
along with 30 healthy control serum samples,
were assayed for AST, ALT and LDH activity.
For the assays, commercial colorimetric kits
(SPINREACT, S.A., Spain) were used.

The activity of the three enzymes was
determined in the number of samples (DF or
DHF), indicated in Table 2, that were positive
for DENV-1, 2 or 3 (in order to assay the same
number of samples for each available
serotype; two additional DENV-1 samples
diverted from another project were included
in this study). We did not have DENV-4
samples available.

Determination of liver enzymatic
activity in mice serum samples

Blood was collected from the retro-orbital
plexus of mice subjected to light anaesthesia.

Dengue virus for mice infection

DENV-1 (Hawaii), DENV-2 (New Guinea),
DENV-3 (H87) and DENV-4 (H241) were
propagated in VERO cells and cultured in
DMEM (Gibco-BRL, Gaithersburg , MD)
containing 3% heat-inactivated horse serum
(Equiteck) at 37 °C. The virus titre was adjusted
to 1×108 PFU/ml. Non-infected VERO cell
supernatants were used as negative controls
(mock infection).

Mice dengue virus infection
and sampling

BALB/c mice from the bred colony at the
Instituto Nacional de la Nutrición in Mexico

Table 1: Characteristics of 84 dengue
virus-infected patients under study

DHF=dengue haemorrhagic fever;
DF=dengue fever; n=number of samples;
F=female; M=male

Clinical manifestations
DHF DF
n=43 n=41

Fever, headache and retro- 43 38
orbital pain

Myalgia and arthralgia 43 41

Exanthema 10 1

Vomiting and abdominal pain 33 18

Thrombocytopenia 28 5

Hepatomegaly 10 2

Petechiae 10 2

Gum from mucosa 8 0

Gender and age

Gender F/M 24/19 23/18

Age (Average yrs. old) F/M 21/24 34/23

Laboratory diagnosis

IgM/IgG positive 2/20 28/2

RT-PCR positive 43 41

Serotyping

Serotype 1 10 8

Serotype 2 21 18

Serotype 3 10 11

Serotype 4 2 4
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The serum obtained from clotted blood was
used to assess the enzymatic AST, ALT and LDH
activities following the technical sheet.

Results

Eighty four (84%) out of the 100 serum
samples collected were confirmed as dengue-
positive by RT-PCR. From these 84 samples,
52 (62%) were positive for anti-dengue virus
IgM and/or IgG by ELISA. According to the
clinical sheets from the health centres, only
12 patients (14.2%) were reported with
hepatomegaly, whereas 40% of clinical
samples confirmed as dengue-positive by RT-

PCR presented a pronounced thrombo-
cytopenia (Table 1).

Spleens and livers from both dengue virus-
infected and non-infected mice were not
significantly different in either size or weight
(data not shown).

As another approach to evaluate liver
injury, AST, ALT and LDH activities were
assessed in the sera of mice infected with each
dengue-virus serotype.

The results in Table 2 show that liver
enzymatic activities of AST in the serum of the
patients infected with DENV-2, 1 and 3 were
statistically higher than the activity of these

Table 2: AST, ALT and LDH enzymatic activity in sera from classic and
haemorrhagic dengue patients

NA: Not available; ND: Not determined; NS: Not significant; t: Student statistical test was applied on the data
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enzymes in the control group, whereas ALT
activity was higher for DENV-2, as compared
to the control. Table 3 shows that AST activity
was, on average, higher in the mice infected
with DENV-2, followed by those infected with
DENV-1 and DENV-3, by comparing it with the
values found in the sera from the non-infected
mice. ALT activity was, on average, higher for
DENV-2, followed by DENV-3. Infection with
DENV-1 and DENV-4 did not show any
significant difference as compared to the
control.

LDH activity was determined as an index
of liver damage, as an increase in the amount
of LDH might suggest hepatocyte damage. An

apparent increased activity (twice as much as
the control) was found in the DHF patients for
DENV-1, 2 and 3 and in the mice infected with
DENV-1, 2 and 4. However, no statistical
significance was observed.

Discussion

Previous reports have demonstrated a high
affinity of the dengue virus for human liver cells.
Moreover, the same authors showed that the
receptors on liver cells had more affinity for
DENV-1.[18,19] The involvement of the liver in
the pathogenesis of dengue virus has been
indicated by clinical signs of hepatomegaly,
abnormal liver function, pathological findings,
and detection of viral antigens.[20,21]

Our findings suggest that liver damage, as
assessed by the increased AST and ALT
enzymatic activities, in both dengue patients
and experimentally dengue virus-infected mice
could be serotype-dependent. Since NS1
protein accumulates in the liver,[22] it is
tempting to speculate that this non-structural
protein could have a role in liver damage and
that the amount of NS1 accumulated would
depend on the virulence of each particular strain
and serotype infecting the liver cells.

As for LDH, the enzymatic activities were
very dispersed in both human and murine
samples so as to allow drawing any conclusion.
The dispersed nature of the LDH data could
be accounted for by individual variation and,
perhaps, by the pharmacological treatment in
the case of patients. Further analysis is required
to clarify the relation, if any, between DHL
activity and the pathology of dengue virus
infection.

It is, therefore, important to assess the
clinical and laboratory differences between DF
and DHF during admissions to health centres.

Table 3: AST, ALT and LDH enzymatic
activity in sera from dengue infected

BALB/c mice

NS: Not significant;
t: Student statistical test was applied on the data.

AST U/L

Infection Mean SD P n

Serotype 1 189 2.05 <0.01 (1 vs neg) 9

Serotype 2 263 2.7 <0.01 (2 vs neg) 9

Serotype 3 155 5.4 <0.01 (3 vs neg) 9

Serotype 4 109 5.2 NS (4 vs neg) 9

Neg. Ctrl. 115 2.3 9

ALT U/L

Serotype 1 87 2.35 NS (1 vs neg)

Serotype 2 240 10.56 <0.01 (2 vs neg) 9

Serotype 3 172 3.45 <0.01 (3 vs neg) 9

Serotype 4 64 11.2 NS (4 vs neg) 9

Neg. Ctrl. 85 2.1 9

LDH U/L

Serotype 1 12.25 4.5 NS (1 vs neg) 9

Serotype 2 12.25 5.2 NS (2 vs neg) 9

Serotype 3 7 1.5 NS (3 vs neg) 9

Serotype 4 21 10.3 NS (4 vs neg) 9

Neg. Ctrl. 6 3 9
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