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Abstract. The increase in severe dengue (SD) cases has caused great impact on public health and has concerned
authorities of countries where the disease is endemic and epidemics reach high proportions. The recognition of pro-
gression signs of this severe disease during the initial febrile phase can be difficult, since the symptoms are often
indistinguishable from other febrile diseases. The aim of this study was to evaluate the clinical manifestations and
laboratory findings in patients from two dengue outbreaks and their association with the disease. The study was con-
ducted in patients (n = 153) with signs and symptoms consistent with dengue occurred during two distinct epidemics,
2010 and 2013, in the city of Campos dos Goytacazes, Rio de Janeiro, Brazil. According to the 2009 World Health
Organization criteria, patients were classified as dengue without warning signs ([DwoWS] 60.6%, 57/94), dengue with
warning signs ([DwWS] 30.9%, 29/94), and SD (4.25%, 4/94). Patients with DwWS/SD presented lower platelet and
leukocyte counts and higher transaminase levels when compared with the DwoWS ones. Interestingly, patients from the
epidemic of 2010causedbydenguevirus 2 (DENV-2) had lower platelet counts thanpatients of the2013 epidemic caused
by DENV-4. Furthermore, plasma leakage, gastrointestinal bleeding, and pleural effusion, hallmarks for a more severe
disease,were alsomore frequently observed in thosecases. Althoughprevious studiesmayhaveextensively reported the
wide range of the clinical aspects of dengue, the characterization of DENV-4 is desirable considering the burden of the
disease during epidemics, especially for the health units and hospitals performing patient’s management.

INTRODUCTION

Dengue is currently considered globally as the most im-
portant mosquito-borne viral disease, and the incidence has
grown dramatically around the world in recent decades. It is
estimated that 3.9 billion people in 128 countries are at risk of
dengue infection.1 One recent estimate indicates that 390
million dengue infections occur per year, of which 96 million
manifest clinically with any disease severity.2

Demographic changes, urbanization, and international
travel contribute to theexpansionof geographical areaswhere
transmission occurs, and all four dengue virus (DENV) sero-
types are now circulating in Asia, Africa, and the Americas.3

Not only is the number of cases increasing as the disease
spreads to new areas, but explosive outbreaks are also oc-
curring. Currently, Brazil accounts for approximately 70.0%of
reported cases of dengue in the Americas.4

In Brazil, the first dengue epidemic with laboratory con-
firmation occurred in 1981 in Boa Vista, Roraima, in the
North Region of Brazil, where DENV-1 and 4were isolated.5

However, it was only after DENV-1 was introduced in Rio de
Janeiro (RJ) in 1986 that the disease became a nationwide
public health problem.6 In 2007–2008, the country experi-
enced the most severe epidemic in terms of morbidity and
mortality and severe cases in children due to the DENV-2
reemergence.7 DENV-4 was reintroduced in Brazil in 2010,
and in RJ, the first dengue cases were detected in Niteroi in
2011,8 and despite the epidemic caused by DENV-1,

DENV-4 could be isolated during the disease surveillance
supported by the laboratory diagnosis performed.9

In 2010 and 2013, a total of 1,011,548 and 1,452,489
dengue cases were reported in Brazil, with RJ represent-
ing 2.9% (29,824) and 14.7% (213,058) of those cases,
respectively.10

Early diagnosis of dengue is critical, since some patients
may progress from a mild to a severe disease in a short
period.11 Although dengue pathogenesis is not completely
clear, it is believed that multiple circulating serotypes; host
factors such as secondary infection, comorbidities, genetic
polymorphism; and factors related to the virus serotype or
genotype would determine the evolution of the clinical
forms of dengue.12

The white blood cell (WBC) count can reveal a leukopenia
and neutropenia, lymphocytosis with lymphocytic atypia,
and monocytosis. Signs and symptoms such as severe ab-
dominal pain and continuous, persistent vomiting, postural
hypotension, hepatomegaly, mucosal bleeding, increased
hematocrit, or abrupt drop of platelets, are considered as
potential hallmarks of the disease severity.13 Repeated
monitoring of the platelet count and hematocrit is recom-
mended, as an abrupt decrease in platelet counts is an alarm
sign and a significant hematocrit increase is an indirect sign
of plasma leakage.14 In this study, we aimed to analyze the
laboratory and clinical findings during two distinct epidemics
that occurred in 2010and 2013, causedbyDENV-2andDENV-
4, respectively, in Campos dos Goytacazes, RJ, Brazil.

MATERIALS AND METHODS

Ethics statement. The samples were collected as part
of an ongoing project approved by resolution number

* Address correspondence to Flavia Barreto dos Santos, Flavivirus
Laboratory, Oswaldo Cruz Institute, Fundação Oswaldo Cruz
(FIOCRUZ), Avenida Brasil 4365, Manguinhos, Rio de Janeiro
21045-360, Brazil. E-mail: flaviab@ioc.fiocruz.br
† These authors contributed equally to this work.

137

mailto:flaviab@ioc.fiocruz.br


CSN196/96 from the Oswaldo Cruz Foundation Ethical
Committee in Research (CEP 274/05 and CEP100/00) and
by the Ethics Committee of Plataforma Brasil, Fundação
Oswaldo Cruz (FIOCRUZ; CAAE 13318113.7.0000.5248).
All participants provided a written consent.
Enrollment, data and specimen collection. The speci-

mens (serum and plasma) analyzed in this study were col-
lected during ongoing epidemics that occurred in 2010 and
2013, in the city of Campos dos Goytacazes. Patients were
assisted at the Hospital Plantadores de Cana, where an in-
fectious disease physician collected data on demographic
characteristics, symptoms, and physical signs using a
structured questionnaire. Dengue-suspected cases (n=153,
49 in 2010 and 104 in 2013) were obtained during an active
surveillance performed by the Viral Immunology Laboratory,
Oswaldo Cruz Institute, FIOCRUZ. Laboratory diagnosis
was performed by the Flavivirus Laboratory, Regional Ref-
erence Laboratory for the Brazilian Ministry of Health, lo-
cated in RJ. Acute serum samples (up to the 7th day after the
disease onset) were subjected to reverse transcription po-
lymerase chain reaction (RT-PCR) and nonstructural protein
1 antigen capture enzyme-linked immunosorbent assay
(NS1 ELISA). Convalescent samples (after the 7th day after
the onset of the symptoms) were tested using IgM antibody
capture ELISA (MAC-ELISA) and IgG-ELISA. Both acute and
convalescent serum samples were stored at _70�C. Non-
specific laboratory investigations for all patients were
obtained in the hospital in which they were treated and in-
cluded hemoglobin test, WBC count, platelet count, liver
function tests (aspartate aminotransferase [AST] and alanine
aminotransferase [ALT]), renal function tests, and ultraso-
nographyof abdomen. Each samplewas accompanied by an
identification form containing demographic information, vital
signs, physical examination, complete blood count, liver
enzymes, ultrasounds and X-rays findings, history of the
previous diseases, and medication use.
Inclusion criteria for World Health Organization dengue

case definition. Dengue-confirmed cases were classified
according to the 2009 World Health Organization (WHO)
classification13,15 and grouped as follows: dengue without
warning signs (DwoWS)—patients living in and/or traveling
to dengue-endemic area, presenting fever, and two of the
following symptoms: nausea, vomiting, rash, aches, pain,
positive tourniquet test, and leukopenia; dengue with
warning signs (DwWS)—dengue patients with any of the
following warning signs: abdominal pain or tenderness,
persistent vomiting, clinical fluid accumulation, muco-
sal bleeding, lethargy or restlessness, liver enlarge-
ment > 2 cm, and an increase in hematocrit concurrent

with rapid decrease in platelet count; severe dengue (SD)—
dengue patients presenting at least one of the following:
severe plasma leakage (leading to shock and fluid accu-
mulation with respiratory distress), severe bleeding eval-
uated by clinicians, severe involvement of liver by AST or
ALT > 1,000 U, central nervous system with impaired
consciousness, and severe involvement of the heart and
other organs. Non-dengue cases, excluded after a nega-
tive result by all dengue laboratory diagnosis, were con-
sidered in this study as other febrile diseases (OFD).
Dengue infection laboratory diagnosis. Laboratory-

positive dengue infection was defined as patients experienc-
ing a febrile illness consistent with dengue according to
WHO criteria, and infection confirmed based on the results

TABLE 1
Laboratory confirmation of dengue-suspected cases analyzed fromepidemics that occurred in 2010 and 2013, in Campos dosGoytacazes, Rio de
Janeiro, Brazil

Dengue laboratory diagnostic methods

Year

2010 (n = 24) 2013 (n = 70)

Positive/tested (%) Positive/tested (%)

MAC–ELISA 16/24 (66.7) 44/70 (62.8)
NS1 ELISA 11/24 (45.8) 27/70 (38.5)
RT-PCR (serotypes) 16/24 (66.7) (DENV-2; 16/16) 34/70 (48.5) (DENV-4; 34/34)
DENV = dengue virus; ELISA = enzyme-linked immunosorbent assay; MAC = IgM antibody capture; NS1 = nonstructural protein 1; RT-PCR = reverse transcription polymerase chain

reaction.

TABLE 2
Characteristics of dengue-suspected cases from epidemics that oc-
curred in 2010 and 2013, in Campos dos Goytacazes, Rio de
Janeiro, Brazil

Epidemic year (total of cases analyzed)

2010 (n = 49) 2013 (n = 104)

Positive/tested (%) Positive/tested (%)

Case characteristics
Dengue 24/49 (49.0) 70/104 (67.3)
Mean age (in years) 34 37
Gender (male:female) 29:20 23:62

Case classification*
DwoWS 13/24 (54.0) 44/70 (63.0)
DwWS 5/24 (21.0) 24/70 (34.2)
SD 3/24 (12.5) 1/70 (1.4)

Infecting serotype
DENV-2 16/24 (66.7) 0/70
DENV-4 0/24 34/70 (48.6)

Type of infection
Primary 3/24(8.9) 11/70 (15.7)
Secondary 18/24 (91.1) 59/70 (84.2)

Factors associated with a
more severe disease

Hospitalization 11/24 (45.8) 16/70 (22.9)
Abdominal pain 10/24 (41.6) 15/70 (21.4)
Plasma leakage 5/24 (20.8) 3/70 (4.3)
Bleeding 6/24 (25.0) 4/70 (5.7)
Pleural effusion 4/24 (16.6) 0/70
Increased hematocrit with

rapid decrease of platelets
4/24 (16.6) 4/70 (5.7)

Comorbidity 10/24 (41.6) 27/70 (38.5)
Arterial hypertension 4/10 (40.0) 18/27 (66.7)
Diabetes mellitus 1/10 (10.0) 2/27 (7.4)
Other comorbidities 5/10 (50.0) 16/27 (59.2)

DENV = dengue virus; DwWS = dengue with warning signs; DwoWS = dengue without
warning signs; SD = severe dengue.
* Due to the lack of information for the 2009 World Health Organization clinical

classification, three cases were not classified in 2010, and one case was not classified in
the 2013 epidemic.
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obtained by the laboratory diagnostic assays: RT-PCR,MAC-
ELISA, NS1 ELISA, and IgG-ELISA.
Serological diagnosis. Anti-DENV Ig. The Panbio den-

gue IgM Capture ELISA (Brisbane, Australia) was used for
the qualitative detection of anti-DENV IgM antibodies in se-
rum for case confirmation according to the manufac-
turer’s instructions.
The IgG-ELISA previously described by Miagostovich and

others16 was performed for the characterization of dengue
immune response as primary or secondary infections in den-
gue cases previously confirmed by virus isolation, RT-PCR,
and/or MAC-ELISA. Alternatively, the IgG Select Dx kit (Focus
Diagnostics, Carlsbad, CA) was used for characterization of
dengue immune response as primary and secondary. In brief,
the acute samples presenting an NS1 and/or RT-PCR-
positive result with a negative IgG detection were consid-
ered as primary infections, and acute samples presenting an
NS1 and/or RT-PCR-positive result with a positive IgG de-
tection were classified as secondary ones..
NS1 ELISA. For the NS1 antigen capture, the Platelia�

Dengue NS1 Ag-ELISA Kit (Bio-Rad Laboratories, Marnes-La-
Coquette, France) was used according to the manufacturer’s
protocol. All NS1-negative samples were submitted to an NS1
immune complex dissociationprotocol previously described.17

All samples were tested between 1 and 9 days after disease
onset.
Molecular methods. The viral RNA was extracted using

the QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany)

following the manufacturer’s instructions and stored at _70�C
for DENV detection and typing. The RT-PCR for detecting and
typing DENV was performed as described previously.18

Those samples (OFD) tested negative by all dengue labora-
tory diagnosis were also subjected to an RT-PCR for de-
tection of other flaviviruses and alphaviruses according to a
previously published protocol.19 Aiming to further exclude
DENV infection in all negative cases (OFD), samples were
tested by using Simplexa� Dengue Kit, a real-time RT-PCR
assay (Focus Diagnostics, Cypress, CA), according to the
manufacturer’s protocol, for qualitative detection and typing
of DENV.
Statistical analysis. Statistical analyses were performed

using GraphPad Prism software, version 6.0 (GraphPad
Software Inc., San Diego, CA). The Kruskal–Wallis non-
parametric test and Dunn’s multiple comparison test were
used to compare the differences between study groups (OFD,
DwoWS, and DwWS/SD). Fisher’s test was used to compare
clinical and laboratory characteristics between patient
groups. Correlation was estimated by Spearman regression
analysis. Values of P < 0.05 were considered as significant for
all statistical analysis.

RESULTS

The 2010 epidemic. During the 2010 epidemic that oc-
curred in Campos dos Goytacazes, a total of 49 dengue-
suspected cases were investigated. DENV infection was

FIGURE 1. Major signs and symptoms of dengue cases. This figure appears in color at www.ajtmh.org.
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confirmed in 49.0% (24/49) of the cases, and 51.0% (25/49)
were characterized as OFD. By RT-PCR and MAC-ELISA,
66.7% (16/24) of the caseswere confirmed and 45.8% (11/24)
by NS1 ELISA (Table 1).
All positive cases detected occurred between the 1st and

8th day of disease. According to the 2009 WHO clinical cri-
teria, confirmed cases (n = 24) were classified as DwoWS
(54.0%, 13/24), DwWS (21.0%, 5/24), and SD (12.5%, 3/24)
(Table 2). Males were more affected than females; however,
irrespective of gender, themean age of patients was 34 years.
DENV-2 was the only infecting serotype identified in 66.7%
(16/24) of the cases. Secondary infections were prevalent
(91.1%, 18/24) when compared with the primary ones (8.9%,
3/24). Hospitalizations occurred in 45.8% (11/24) of the cases,
and 41.6% (10/24) of the patients presented comorbidity
(Table 2).
The main signs and symptoms of patients were fever

(87.5%), myalgia (87.5%), prostration (83.3%), anorexia
(79.1%), retro-orbital pain (67%), arthralgia (62.5%), vomiting
(50.0%), thrombocytopenia (47.0%), nausea (37.5%), rash

(37.5%), itch (33.3%), diarrhea (29.1%), positive tourniquet
(21.0%), and petechiae (8.3%). The most common warning
signs of DwWS and SD patients were hemorrhagic mani-
festations (60.0%, 6/10), persistent abdominal pain (50.0%,
5/10), pleural effusion (40.0%, 4/10), and increased he-
matocrit with rapid decrease of platelets (40.0%, 4/10)
(Figure 1).
It was observed that the DwWS/SD patients from the epi-

demic that occurred in 2010 and mainly caused by DENV-2
had significantly lower leukocytes and platelet counts
(P < 0.001) when compared with OFD patients; however, no
statistically significant differences between monocyte count
and hematocrit was observed (Figure 2). Thrombocytopenia
was observed in 41.6% (10/24) of the total number of con-
firmed dengue cases, with 20.0% (2/10) occurring in DwoWS
patients and 80.0% (8/10) in DwWS/SD ones. The platelet
count < 50,000/mm3 was observed in 75% (6/8) of the
DwWS/SD patients.
The analysis of the AST revealed high levels in 33.3%

(8/24) of patients during the 2010 epidemic, of these,

FIGURE 2. Hematological parameters of dengue-positive cases according to clinical classification and epidemic, Campos dos Goytacazes, Rio
de Janeiro, Brazil. (A) Platelet, (B) hematocrit, (C) leukocytes, and (D)monocytes. SD/2010 ( ) andSD/2013 ( ). DwoWS=denguewithoutwarning
signs; DwWS = dengue with warning signs; OFD = other febrile disease; SD = severe dengue. P values * < 0.05, ** < 0.01, and *** < 0.001 were
considered statistically significant.
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62.5% (5/8) were DwWS/SD patients and 37.5% (3/8) were
DwoWS ones. The high AST levels in DwWS/SD patients
were statistically significant when compared with the OFD
patients (P < 0.001) (Figure 3). The ALT analysis revealed
elevated levels in 37.5% (9/24) of the dengue cases, 50.0%
(4/8) DwoWS patients and 50.0% (4/8) DwWS/SD, and no
significant differences among the groups were observed.
The 2013 epidemic. In 2013, a total of 104 dengue-

suspected cases were analyzed, and 67.0% (70/104) were
confirmed and 33.0% (34/104) of the cases were considered
as OFD. Using MAC-ELISA, 62.8% (44/70) of the infections
were confirmed, and RT-PCR confirmed 48.5% (34/70) of
the cases and the NS1 ELISA 38.5% (27/70) (Table 1).
However, when the serum samples of DENV-4 cases neg-
ative by NS1 ELISA were heat dissociated, the test sensi-
tivity increased in 18.5%. According to the 2009 WHO
clinical criteria, confirmed cases (n = 70) were classified as
DwoWS (63.0%, 44/70), DwWS (34.2%, 24/70), and SD
(1.4%, 1/70) (Table 2).
In the 2013 epidemic, females were more affected than

males; however, irrespective of gender, the mean age of pa-
tients was 37 years. DENV-4 was the only infecting serotype
identified in 48.6% (34/70) of the cases. Secondary infections
were prevalent (84.2%, 59/70) when compared with the pri-
mary ones (15.7%, 11/70). Hospitalizations occurred in 22.9%
(16/70) of the cases, and 38.5% (27/70) of the patients pre-
sented comorbidity. Moreover, abdominal pain, plasma
leakage, bleeding, and pleural effusion, the signs involved in a
more severe disease, were less frequently observed than in
the 2010 epidemic (Table 2).
Themain signs and symptoms of patientswere fever (97%),

myalgia (86%), headache (80%), arthralgia (63%), nausea
(54%), retro-orbital pain (50%), back pain (49%), prostration
(49%), abdominal pain (37%), itch (34%), vomiting (33%), di-
arrhea (31%), rash (26%), anorexia (20%), dizziness (19%),
asthenia (19%), thrombocytopenia (17%), and petechiae (7%)
(Figure 1).

DwWS/SDpatients from the epidemic that occurred in 2013
and mainly caused by DENV-4 had significantly lower platelet
and leukocyte counts (P < 0.001) when compared with OFD
patients. Furthermore, the differences in the platelet counts
between the DwoWS and DwWS/SD were also significant
(P < 0.05) (Figure 2).
Thrombocytopenia was observed in 17.1% (12/70) of the

total number of dengue cases, of these, 8.3% (1/12) were
DwoWS patients and 91.7% (11/12) were DwWS/SD ones.
Lowplatelet countswere observed in 25.0% (3/12) of patients,
all with DwWS. Both DwoWS and DwWS/SD patients pre-
sented lower counts than the OFD patients (P < 0.001); how-
ever, no significant difference was observed in relation to the
hematocrit and monocyte values (Figure 5).
During the 2013 epidemic, increased AST was observed in

42.8% (30/70) of dengue cases, 53.3% (16/30) were patients
with DwoWS and 46.6% (14/30) were DwWS ones, whereas
the increased ALT levels were also observed in 42.8% (30/70)
of the cases, 50% (15/30) were DwoWS cases and 50%
(15/30) were DwWS ones.
Both high AST levels observed in DwoWS and DwWS/SD

patients in 2013 were statistically significant when compared
with the OFD patients (P < 0.05 and P < 0.0001, respectively);
however, no significant differences were observed between
DwoWS and DwWS/SD cases (Figure 3). Elevated levels of
ALT were statistically significant on DwWS/SD patients on
2013 when compared with the OFD cases (P < 0.001)
(Figure 3).
In an overall overview, independently of the clinical

classification, the lower platelet count observed in the 2010
epidemic caused by DENV-2 was statistically significant
when compared with that observed in the cases occurred in
the 2013 epidemic (P < 0.05). Likewise, the lower leukocyte
count observed in both epidemics was significant, when
compared with the OFD cases (P < 0.001). Moreover, in
both epidemics, both AST and ALT levels were higher when
compared with the OFD group (Figure 4). Independently of

FIGURE3. Biochemical s of dengue-positivecasesaccording to theclinical classificationandepidemic,CamposdosGoytacazes,RiodeJaneiro,
Brazil. (A) AST and (B) ALT. SD/2010 ( ) and SD/2013 ( ). AST = aspartate aminotransferase; ALT = alanine aminotransferase; DwoWS: dengue
withoutwarning signs;DwWS=denguewithwarning signs;OFD=other febrile disease;SD= severe dengue.P values * < 0.05, ** < 0.01, *** < 0.001,
and **** < 0.0001 were considered statistically significant.

COMPARISON BETWEEN DENV-2 AND 4 CASES 141



the epidemic year, patients presenting DwWS/SD showed
lower platelet and leukocyte counts considering both
DwoWS and OFD groups (P < 0.001) and higher AST and
ALT levels (Figure 5).

DISCUSSION

In Brazil, dengue transmission has been occurring con-
tinuously since 1986, with occurrence of outbreaks and

epidemics, usually associated with the introduction of new
serotypes in previously unaffected areas or serotype ree-
mergences. The years of 2010 and 2013 were characterized
by two of the largest dengue epidemics reported in the
country, when about 1 and 1.4 million cases were reported,
respectively. Moreover, despite the introduction of DENV-4 in
2010, this serotype was prevalent in 2013 and was re-
sponsible mostly for the mild cases.10 In this study, dengue
infectionwas confirmed in 61.4% (94/153) of suspected cases

FIGURE 4. Hematological and biochemical findings of dengue-positive cases according to the epidemics, Campos dos Goytacazes, Rio
de Janeiro, Brazil. (A) Platelets, (B) hematocrit, (C) leukocytes, (D) monocytes, (E) AST and (F) ALT. AST = aspartate aminotransferase;
ALT = alanine aminotransferase; OFD = other febrile disease. P values * < 0.05, ** < 0.01, and *** < 0.001 were considered statistically
significant.
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that occurred in two distinct epidemics in 2010 and 2013, in
the city of Campos do Goytacazes, revealed the circulation of
DENV-2andDENV-4, respectively, anddistinct hematological
and biochemical characteristics.
According to the 2009 WHO criteria, patients were clas-

sified as DwoWS (60.6%, 57/94), DwWS (30.9%, 29/94),
and SD (2.1%, 2/94). Early recognition of warning signs is
important for the appropriate management of patients to

prevent deaths from dengue. Furthermore, those markers
are important since they occur before the onset of severe
disease.20 In 2010, when DENV-2 was the prevalent sero-
type, the number of hospitalizations (45.8%) was higher
than during the 2013 epidemic (22.9%), corroborating pre-
vious studies, as it has been shown that infections caused
by DENV-2 and DENV-3 are two times more likely to result
in a more severe disease than the infection by DENV-4.21

FIGURE 5. Hematological and biochemical findings of dengue-positive cases according to the clinical classification, Campos dos Goytacazes,
Rio de Janeiro, Brazil. (A) Platelets, (B) hematocrit, (C) leukocytes, (D) monocytes, (E) AST, and (F) ALT. ALT = alanine aminotransferase; AST =
aspartate aminotransferase; DwoWS: denguewithoutwarning signs; DwWS=denguewithwarning signs;OFD=other febrile disease; SD = severe
dengue. P values * < 0.05, ** < 0.01, and *** < 0.001 were considered statistically significant.
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Most of the hospitalizations (80.8%, 21/26) occurred in the
acute phase of the disease between the 1st and 7th day after
the onset of illness, and 96.2% (25/26) were due to
DwWS/SD.
Considering the epidemiological situation of the country,

the immune response characterization is important as sec-
ondary infections are also related to amore severe disease. In
fact, in this study, 81.9% (77/94) of patients had secondary
dengue infection, and a high prevalence of secondary infec-
tions in the country has been reported in high proportions
previously.22–24

When comparing the hematologic parameters in dengue
patients from this study, it was observed that regardless of
their clinical status, patients of the 2010 epidemic, caused
mainly by DENV-2, had lower platelet counts than patients of
the 2013, caused mainly by DENV-4 (Figure 4). It was shown
that DENV-2 induced more severe thrombocytopenia than
DENV-4, corroborating the study by Thomas and others,25

who conducted a retrospective study comparing signs and
symptoms of patients infected with different DENV sero-
types, reporting differences in the virulence between the
serotypes.
Several hypotheses have been formulated to elucidate

the possible mechanisms responsible for thrombocytope-
nia in dengue. Murgue and others26 suggested that DENV
affects the bone marrow progenitor cells by inhibiting their
function. Other studies reported that the virus indirectly
diminishes the proliferative capacity of hematopoietic
cells.27 Indeed, there is evidence that DENV induced bone
marrow hypoplasia in the acute phase of the disease,28 and
in vitro studies have demonstrated that DENV-4 replicates
in progenitor cells of human bone marrow by changing
their proliferative capacity.29 Other studies reported that
DENV infection induces platelet consumption due to in-
creased lysis by complement system and apoptosis. More-
over, the involvement of antiplatelet antibodies has also been
demonstrated.30,31

In the 2010 and 2013 epidemics, leukopenia was ob-
served in dengue patients compared with OFD cases
(Figure 4). The analysis of leukocytes according to the
clinical classification, independently of the epidemic year,
has shown a decreased count in DwWS/SD patients com-
pared with DwoWS, however without significant dif-
ferences (Figure 5). Some studies show that in the early
phase of the disease, in both primary and secondary in-
fections, a decrease in leukocyte counts and increase of
atypical lymphocytes may be related to the supression of
progenitor cells from bone marrow.32

Liver involvement is one of the characteristics of DENV
infection. The liver changes, including hepatomegaly and
increases in transaminases, have been described in both
cases of dengue fever and dengue hemorrhagic fever.33–35

In SD, the occurrence of fulminant hepatic failure has been
the cause of death in children.36 Mechanisms of liver dam-
age in denguemay be related to the direct effects of the virus
or as a consequence of the host immune response in the
liver, leading to circulatory impairment, metabolic acidosis,
hypotension, hypoxia, and/or vascular leakage.37 Our re-
sults showed that 41.5% (39/94) of patients had trans-
aminase levels above normal, and from those, 51.3% (20/39)
were DwWS/SD patients. Variations in transaminase levels
during dengue are not fully understood. In this study, there

were no significant statistical differences in the levels of
AST/ALT between epidemics.
The recognition of hematological and biochemical differ-

ences between patients with dengue fever and other diseases
is of great importance in identifying patients whomay develop
severe disease. The initial clinical phase of dengue is often
confused with OFD, raising doubts at the time of clinical
management and surveillance of the disease. However, the
hematological differences and cytokine levels could be used
as an early tool to differentiate dengue from other febrile ill-
nesses. Moreover, it was also demonstrated that prediction of
the possible onset of thrombocytopenia is possible by using
algorithms.38

By comparing the data analyzed in this study, we showed a
clear difference in hematological and biochemical findings
between patients infected with DENV-2 and DENV-4, with
different clinical forms of the disease. The recognition of these
parameters helps to ensure that support measures can be
taken to prevent increased morbidity and mortality from
dengue. Further studies are needed to improve those obser-
vations that may impact on the practice of medicine during
dengue epidemics, especially in tropical areas where medical
resources are deficient and where such epidemics may gen-
erate large economic impacts.
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Saúde/PAPES VI-FIOCRUZ (grant no. 407690/2012–3), Fundação de
Amparo a Pesquisa do Estado do Rio de Janeiro/FAPERJ (grant no.
210.026/2014 to Rita Maria Ribeiro Nogueira), Oswaldo Cruz
Foundation/FIOCRUZandBrazilianMinistry ofHealth.Nieli Rodrigues
da Costa Faria, Thaı́s Chouin-Carneiro, Manoela Heringer, and
Monique da Rocha Queiroz Lima are fellows from the CoordenaçaÞo
de Aperfeiçoamento de Pessoal de Nıvel Superior (CAPES), and
Fernanda de Bruycker-Nogueira is a fellow from the Conselho
Nacional de Desenvolvimento Cientıfico e Tecnológico/CNPq.

Authors’ addresses: Nieli RodriguesdaCosta Faria, RitaMariaRibeiro
Nogueira, Fernanda de Bruycker-Nogueira, Thaı́s Chouin-Carneiro,
Jaqueline Bastos Santos Simões, Monique da Rocha Queiroz Lima,
ManoelaHeringer, andFlaviaBarretodosSantos, FlavivirusLaboratory,
Oswaldo Cruz Institute, Rio de Janeiro, Brazil, E-mails: nielircf@ioc.
fiocruz.br, rita@ioc.fiocruz.br, nandanog@ioc.fiocruz.br, tatachouin@
gmail.com, jbsantos@paho.org, moniqueq@ioc.fiocruz.br, manoela.
heringer@ioc.fiocruz.br, and flaviab@ioc.fiocruz.br. Victor Edgar Fiestas
Solorzano, Luzia Maria de Oliveira Pinto, Claire Fernandes Kubelka,
Elzinandes Leal de Azeredo, Viral Immunology Laboratory, Oswaldo
Cruz Institute, Rio de Janeiro, Brazil, E-mails: vicfiso@yahoo.es, lpinto@
ioc.fiocruz.br, claire@ioc.fiocruz.br, and elzinandes@ioc.fiocruz.br. Luiz
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