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ABSTRACT 

Dengue virus, the etiological agent of dengue fever (DF) occurs in four genetically 

distinct serotypes (DENV1-4), being transmitted by female Aedes mosquitoes. DF incidence 

is increasing in Brazil, following vector dispersal, proliferation and DENV serotypes 

introduction, co-circulation and substitution. Medium- and small-sized cities in Sao Paulo 

State, such as Marilia (Midwest region), have been affected by huge epidemics. To understand 

the evolution of DENV epidemics in medium-sized cities, in this study a historical data on 

DENV incidence (2000-2015) in Marilia, was evaluated. Previous studies disclosed regional 

and specific DF outcomes associated with 2007 outbreak in that city, when co-circulating 

DENV1 and DENV3 presented different hematological profiles. In this study, characteristics 

of 2007 DENV epidemics were compared to the epidemiological, hematological and 

demographic outlines of the major outbreak of DENV1 in Marilia in 2015. DENV1 genetic 

diversity was assessed through capsid and pre-membrane junction encoding gene (CprM) 

sequencing. The results revealed circulation of DENV1 serotype from 2007 to 2015, with 

epidemics occurring every three-years until 2013 and then, increasing yearly. There were 

significant differences in hematological profiles of DENV1 patients between 2015 and 2007. 

CprM showed DENV1 genetic variability in 2015, contrasting with the unique sequence 

pattern in 2007. These results reinforce the regional and temporal characteristics of DENV 

epidemics that need local public health research to improve care for people and to limit the 

spread of new serotypes/genotypes to uninfected areas. 

KEYWORDS: Dengue fever. Dengue serotype 1. Epidemiology. Hematological profile. 

Serotyping.

INTRODUCTION

Four dengue virus (DENV; Flavivirus: Flaviviridae) serotypes are transmitted 
to humans by female Aedes aegypti and A. albopictus mosquitoes and cause dengue 
fever (DF)1. Clinical forms of DF range from asymptomatic cases or nonspecific 
symptoms, like other feverish arboviruses, to severe forms such as Hemorrhagic 
Dengue Fever (DHF) and Dengue Shock Syndrome (DSS)2.

According to the World Health Organization (WHO), dengue virus has 
worldwide distribution and is endemic in over 100 tropical and subtropical nations3. 
Brazil is one of the countries with the largest number of DF cases and an annual 
incidence rate higher than 100/100,000 inhabitants4. Since 2010, the four dengue 
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serotypes circulate in all Brazilian regions, being DENV1 
the most prevalent over the last five years5. In 2015, Brazil 
faced the largest dengue epidemics of the last decade, with 
a total of 1,700,324 reported cases, but only 0.4% were 
confirmed by laboratory tests6. Located in the Southeastern 
region, Sao Paulo State accounted for 72% of such cases. 
In that year, the number of notified DF cases in the city 
of Marilia, located in the Midwest region of Sao Paulo 
State, reached 5,000/100,000 inhabitants, being the largest 
municipal epidemics in the country. Thus, epidemiological 
investigation of DENV epidemics in Marilia could help 
to understand transmission dynamics of DF and related 
diseases, which in turn can be used as a model for other 
regions with similar characteristics.

Previous studies on DENV epidemiology in Marilia 
revealed the maintenance of hematological patterns of 
DF patients associated with specific serotypes7,8. These 
characteristics indicated a regional specificity and, in a 
country as large as Brazil, investigation of the initial burden 
of a DENV epidemic could help in DF control by local 
health institutions during the transmission/propagation 
period. The history of DENV incidence and identification 
of circulating serotypes in Marilia can also contribute to 
predict epidemic outcomes. According to publicly available 
data, DENV epidemics in Marilia are characterized by 
periods of higher and lower intensity, presenting the 
largest epidemics in the years 2007, 2010, 2014 and 20159. 
However, information about serotypes circulation and the 
number of laboratory-checked cases are only available in 
local municipal sources, being restricted to public access. 

The Public Health Institution of Sao Paulo recommends 
the laboratory confirmation of DF by viral isolation 
techniques, serological methods, molecular biology and 
immunohistochemistry. However, when the incidence of DF 
exceeds 150/100,000 inhabitants, the guideline is to suspend 
laboratory confirmation and use the clinical-epidemiological 
diagnosis10. This strategy is important in view of technical 
and economic constraints to perform specific and expensive 
tests during large epidemics. However, it prevents the 
detection of regional particularities: the frequency of 
cases with nonspecific symptoms and even asymptomatic 
infections, the wide variation in clinical presentation of 
the disease and the number of circulating serotypes. There 
are also factors that may obscure the occurrence of other 
seasonal infectious diseases, in addition to underestimating 
the real number of cases during an epidemic11.

In 2015, several Brazilian States, including Sao 
Paulo, reported the occurrence of other arboviruses as 
Chikungunya virus and Zika virus6. The transmission of 
such viruses occurs by the same DF vector, thus spreading 
in regions that are also affected by DENV12. Moreover, 

these diseases present clinical similarities of early 
symptoms, such as the presence of fever, joint pain and 
skin rash, making differential diagnosis troublesome12. 
Thus, characterization of hematological profiles associated 
with specific arboviruses could help to identify different 
etiological agents co-circulating with DENV. 

The four DENV serotypes are antigenically distinct 
but they embrace several genotypes and lineages, with 
differences in virulence and severity of infections13-15. 
Infections provide life-long protective immunity for the 
serotype of the given agent and cross-protection immunity 
against other serotypes for a short period of time, probably 
due to an improved antibody-dependent enhancement 
process16. Different genomic regions are used to identify 
genetic variants of DENV17-20 and their role in determining 
the molecular diversity of DENV, associated with the disease 
outcome in human populations. In addition, such protocols 
are employed to detect dispersal and virulence patterns 
related to the outbreaks, besides the geographic origin of a 
given lineage. The DENV capsid and pre-membrane junction 
encoding gene (CprM) is used to characterize the genetic 
variation of the virus in endemic areas of Brazil21.

Considering the importance to investigate regional, 
epidemiological characteristics of DF and to understand the 
DENV transmission dynamics, in this study, the historical 
incidence and circulating serotypes in Marilia from 2000 
to 2015, are described. Hematological and demographic 
profiles of DENV1 patients in 2015 and both DENV1 
and DENV3 patients in 2007 outbreaks were compared. 
DENV1 genetic diversity was assessed in both groups by 
the CprM encoding gene. The results obtained can be used 
by local health institutions to improve the care of people 
and limit the spread of DENV new serotypes/genotypes to 
uninfected areas.

MATERIAL AND METHODS

Dengue historical incidence, patients and laboratory 
data

Data on the historical incidence of laboratory-confirmed 
DENV cases in Marilia from 2000 to 2015 were obtained 
from epidemiological surveillance notification systems: 
SINAN (Sistema de Informacao de Agravos de Notificacao, 
from 2000 to 2006); SINANNET (2007-2013), and SINAN 
online (2014-2015). Percentages of DENV-positive 
patients were calculated using confirmed cases among 
those submitted to dengue serological test to detect IgM. 
Information on DENV circulating serotypes in each year 
was available for a few samples, and serotyping was carried 
out by using RT-PCR and virus isolation. 
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Human samples used in this study corresponded to 
discarded peripheral blood samples, collected between 
January and February 2015 for monitoring hematological 
characteristics of patients with suspected DENV infection. 
These subjects were attended at the Hemocenter of Marilia 
Medical School during the 2015 DF epidemics, and they 
were diagnosed only by clinical-epidemiological criteria. 
Demographic data (gender and age) and hematological 
parameters at the first consultation (leukocyte and platelet 
counts, and percentage of atypical lymphocytes) were 
obtained for each patient included in the study. Data from 
patients of the 2007 outbreak were described elsewhere7.

RNA extraction and serotyping

RNA extraction from serum samples was performed 
using the Mini-Kit RNA Purelink (ThermoFisher Scientific®, 
Waltham, MA, USA) according to manufacturer’s 
instructions. Then, the reverse transcription (RT) was 
performed followed by the polymerase chain reaction 
(PCR). RT was performed using the reverse transcriptase 
enzyme M-MLV (ThermoFisher Scientific®, Waltham, 
MA, USA) in addition to primer D2 (100 μM). PCR 
master mix containedTaq DNA polimerase (ThermoFisher 
Scientific®, Waltham, MA, USA) and primers D1/D2 for 
the amplification of a 511bp fragment from the CprM gene. 
Next, PCR products were submitted to a multiplex nested 
PCR with previously described specific primers for DENV1, 
DENV2, DENV3 and DENV4 (Table 1)22.

Sequencing of the CprM amplicon, alignment and 
genetic divergence analysis

Positive amplicons were sequenced by the Sanger 
method using the Big Dye Terminator® version 3.1 (ABI, 
Foster City, CA, USA) and primer D1 and D2, according 
to the manufacturer’s specifications (forward and reverse 
strands) The specificity of the sequences was assessed 
by the Basic Local Alignment Sequence Tool (BLAST) 
software available on the GeneBank website23. Only 

good quality chromatographic sequences were used for 
the genetic divergence analysis through the alignment of 
nucleotides and in silico translated amino acid sequences 
by the ClustalX software from the Molecular Evolutionary 
Genetics Analysis (MEGA) software (version 4.0)24.
DENV1 nucleotide and amino acid-translated sequences 
from 2015 were compared to DENV1 sequences from Sao 
Jose do Rio Preto obtained in 2012, 2013 and 2014; Ribeirao 
Preto obtained in 2018; Jundiai obtained in 2013; and from 
Marilia during the 2007 epidemic7 which were used as 
external groups in the Neighbour-joining method analysis. 

Demographic and hematological analyses

Based on molecular typing, DENV1-positive subjects 
were assembled according to the year of sampling (2007 
or 2015; using the same protocol) in Marilia, Southeastern 
Brazil. Also based on molecular typing, DENV3-positive 
subjects of the year 2007 were also included in the following 
comparison. These three groups were firstly compared with 
respect to gender (the categorical variable, SEX; males 
coded as 0, females as 1, age (AGE, in years), leukocyte and 
platelet counts (LEU and PLA, both in Log10 cells/mL), 
and percentage of atypical lymphocytes (LYM). Another 
binary variable, LYM2, reflects the fraction of patients with 
atypical lymphocytes in each group. Subjects considered 
as univariate outliers for PLA (|z| > 1.96) were previously 
removed. The X2 test was used to assess a “SEX: Group” 
contingency table, as well as a “LYM2: Group” contingency 
table. ANOVA was used for comparisons between groups 
regarding all the remaining variables. Generalized linear 
models using the identity function were used to assess PLA 
as response variables for the explaining factors: Group, 
SEX, AGE, and the other two hematological variables: LEU 
e LYM (LYM2 not included). In turn, LEU and LYM were 
also used as response variables including the remaining 
hematological variables in the block of explaining factors 
(LYM2 also discarded) for each additional model. Other 
models included the interaction among Group and SEX and 
Group and SEX on the response variables PLA, LEU and 

Table 1 - Oligonucleotide primers used in RT-PCR and Nested PCR to amplify dengue viruses.

Primers Sequence (5’-3’) Molecular weight Serotype

D1 TCAATATGCTGAAACGCGCGAGAAACC' 511 bp All

D2 TTGCACCAACAGTCAATGTCTTCAGGTTC 511 bp All

TS1 CGTCTCAGTGATCCGGGGG 482 bp DENV1

TS2 CGCCACAAGGGCCATGAACAG' 219 bp DENV2

TS3 TAACATCATCATGAGACAGAGC' 290 bp DENV3

Den4 TGTTGTCTTAAACAAGAGAGG' 394 bp DENV4

Bp = base pair. 
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LYM. Critical P-values were considered after Bonferroni 
correction based on the number of similar tests. Analysis 
were performed with the help of the R Program.

Ethical approval

Human samples evaluation protocols were approved by 
the Ethics Committee on Human Research of the Marilia 
School of Medicine (Protocol Nº 069/03) and analysis of 
Marilia municipal databank information protocol was also 
approved by the same Ethics Committee under the protocol 
Nº 45126715.9.0000.5413.

RESULTS

Dengue historical incidence and serotypes circulation

The historical incidence of serological IgM-confirmed 
dengue cases in Marilia is shown in Figure 1. The circulation 
of DENV1 serotype was detected from 2007 to 2015, with 
epidemics occurring every three-years until 2013 and then, 
increasing yearly.

Molecular serotype diagnosis based on the CprM 
encoding gene 

Among 150 patients submitted to molecular diagnosis 
by RT-PCR22, 65 (43.3%) were positive for DENV1 serotype 
and the amplicons were submitted to Sanger sequencing, 
confirming the serotype (data not shown). 

Demographic and hematological profiles in 2007 and 
2015

There were 41 DENV1- and 76 DENV3-positive patients 

in 2007, besides 62 DENV1-positive patients in 2015, after 
removing eight outliers based on PLA distribution. There 
was no difference between groups regarding sex, age or 
leukocyte counts (Table 2). Groups significantly differed 
in platelet counts (Table 2 and Figure 2). DENV1 patients 
in the year-group 2015 have the highest scores, presenting 
40,000 platelets more than DENV1 patients in 2007. 
Groups significantly differed also with respect to atypical 
lymphocytes (Table 2 and Figure 2), both, in the (squared 
arc sin) fraction of such cells by patient counts (LYM) and 
in the fraction of patients who presented these abnormal 
cells (LYM2).

The generalized linear models using, each in its own 
time, platelet counts, leukocyte counts and the fraction 
of atypical lymphocytes as response variables and the 
remaining variables as additional explaining factors 
indicated that, in 2015, the group of DENV1 patients had 
an increased platelet count when compared to the reference 

Table 2 - Demographic and hematological status of DENV-positive subjects based on molecular typing, detected in Marilia during 
2007 and 2015. Groups are labeled by combining the serotype (DENV1 or DENV3) and year. They were compared by gender (SEX; 
males coded as 0, females as 1), age (AGE, in years), platelet and leukocyte counts (PLA and LEU, both in Log10 cells/mL), and 
atypical lymphocytes (LYM = squared arc sin; LYM2 = frequency of patients presenting abnormal cells). X2 test was used for SEX: 
Group and LYM2: Group contingency tables and ANOVA for the remaining variables. P-values < 0.05 are indicated by asterisks. 
Considering the number of comparisons for the Bonferroni correction, the critical P = 0.05/6 = 0.0083.

Variables
D1_07 (n = 41) D1_15 (n = 62) D3_07 (n = 76)

Test P
Mean SE Mean SE Mean SE

SEX 0.439 0.078 0.565 0.063 0.539 0.057 1.67 0.4344

AGE 32.732 0.645 38.694 0.591 36.145 0.497 1.16 0.3160

PLA 5.180 0.065 5.285 0.045 5.139 0.041 19.07 *0.0001

LEU 3.527 0.064 3.591 0.056 3.520 0.049 2.81 0.0631

LYM 0.760 0.137 0.287 0.093 0.860 0.091 14.94 *0.0001

LYM2 0.561 0.065 0.258 0.042 0.724 0.045 29.96 *0.0001

Figure 1 - Dengue yearly incidence based on IgM-confirmed 
cases in Marilia, Sao Paulo State, Brazil, from 2000 to 2015. 
Integer numbers are the number of patients tested, followed 
by the serotypes found (in parenthesis; NA = not available). 
Confidence intervals were based on the normal approximation 
to the binomial distribution.
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level of DENV1 patients in 2007 (Table 3). DENV3 patients 
did not differ from the reference level, and this has also 
been indicated by post-hoc ANOVA tests (Table 2, Figure 2) 
among groups; females showed an increased contribution 
in platelet counts (Table 3, Figure 3); platelet counts were 
positively and strongly related to leukocyte counts (Table 3, 
Figure 4); females showed a slight decreased in leukocyte 
counts (Table 3). However, this finding did not persist 
after the application of the Bonferroni correction for the 
number of similar tests; leukocyte counts were negatively 
and strongly related to the fraction of atypical lymphocytes 
(Table 3, Figure 4); and the group of DENV1 patients, in 
2015, had a decreasing effect on the fraction of atypical 
lymphocytes when compared to the reference level of 
DENV1 patients in 2007. DENV3 patients did not differ 
from the reference level (Table 3, Figure 4).

Despite the significantly increased platelet and 
leukocyte counts in DENV1 patients in 2015, when 
compared to DENV1 patients in 2007, the increment 
of age reduced both scores in the first group (Table 4; 
Figure 4, left side). However, this finding did not persist 
after the Bonferroni correction for the number of similar 

tests. DENV1 patients, in 2015, had a significant decrease 
in the fraction of atypical lymphocytes, when compared to 
DENV1 patients in 2007, without any significant effect of 
age. There was no significant interaction of the group effect 
on the relationship among the three hematological variables 
(Table 5; Figure 4, right side).

Comparison of CprM genetic diversity between 
DENV1 circulating in 2007 and 2015 DF epidemics 

From 65 DENV1 amplicon sequences obtained from 
patients attended at the Hemocenter from Marilia Medical 
School in 2015, 12 sequences presented with excellent 
quality and were used in the genetic diversity evaluation. 
The corresponding CprM DENV1 unique sequence from 
2007 was used as the external group. The results revealed 
a genetic variability of DENV1 in 2015 (Figure 3), 
concentrated in the 3’ end portion of the CprM DENV1 
fragment (Supplementary Figures 1 and 2). 

The genetic variability and divergence of DENV1 CprM 
evolution in 2015 compared to 2007 was confirmed by the 
translation of amino acids sequences (Figures 5 and 6). 

Figure 2 - Demographic and hematological status of DENV-positive subjects based on molecular typing and detected in Marilia 
during 2007 and 2015. Groups are labeled by combining the serotype (DENV1 or DENV3) and year. They were compared by age 
(AGE, in years), platelet and leukocyte counts (PLA and LEU, both in Log10 cells/mL), and frequency of atypical lymphocytes 
(LYM = squared arc sin). ANOVA pointed significant differences among groups with respect to PLA and LYM (Table 2). Post-hoc 
tests indicated that the 2015 group accounts for the contrasts in these two variables.
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DISCUSSION

DENV reemergence in Brazil followed the reintroduction 
of Aedes aegypti in the 1980’s. Nowadays, all Brazilian 

States are endemic and the four DENV serotypes circulated 
differentially in space and time25. As a large country, 
Brazil has regional peculiarities such as environmental 
characteristics, population genetic background, social 

Table 3 - Generalized linear models using the identity function to detect the response of individual hematological variables to other 
additional demographic and hematological factors in DENV-positive patients detected by molecular typing in Marilia during 2007 
and 2015. Groups are labeled by combining the serotype (DENV1 or DENV3) and year. D1_07 was used as the reference group. 
Platelet and leukocyte counts (PLA and LEU, both in Log10 cells/mL), and frequency of atypical lymphocytes (LYM = squared arc 
sin) alternated as response variables. Gender (SEX; males coded as 0, females as 1) and age (AGE, in years) were the demographic 
explaining factors. B is the regression coefficient; SE is its standard error. P < 0.05 indicate significant t-tests. Bonferroni correction 
for the number of tests comparisons indicates the critical P-value = 0.05/3 = 0.0167.

Response Factor B SE t P

PLA

Group D1_15 0.075 0.025 2.96 *0.0035

Group D3_07 -0.044 0.023 -1.87 0.0626

SEX 0.060 0.018 3.27 *0.0013

AGE -0.001 0.001 -0.50 0.6199

LEU 0.373 0.053 6.98 *0.0001

LYM -0.001 0.015 -0.07 0.9461

LEU

Group D1_15 -0.027 0.032 -0.84 0.4022

Group D3_07 0.034 0.030 1.15 0.2508

SEX -0.049 0.023 -2.11 *0.0364

AGE -0.001 0.001 -1.40 0.1637

PLA 0.592 0.085 6.98 *0.0001

LYM -0.085 0.018 -4.63 *0.0001

LYM

Group D1_15 -0.360 0.124 -2.90 *0.0042

Group D3_07 0.110 0.116 0.95 0.3449

SEX -0.144 0.092 -1.57 0.1181

AGE -0.001 0.002 -0.59 0.5581

PLA -0.025 0.375 -0.07 0.9461

LEU -1.301 0.281 -4.63 *0.0001

Figure 3 - Sex: Group interaction acting on hematological variables in DENV-positive patients detected by molecular typing in Marilia 
during 2007 and 2015. Groups are labeled by combining the serotype (DENV1 or DENV3) and year. Platelet and leukocyte counts 
(PLA and LEU, both in Log10 cells/mL) and frequency of atypical lymphocytes (LYM = squared arc sin) alternated as response 
variables to gender (SEX; males coded as M, females as F) in each group. See Table 3 for results of generalized linear models.
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Table 4 - Generalized linear models using the identity function to detect age effects on hematological variables in DENV-positive 
patients detected by molecular typing in Marilia during 2007 and 2015. Groups are labeled by combining the serotype (DENV1 or 
DENV3) and year. Platelet and leukocyte counts (PLA and LEU, both in Log10 cells/mL) and frequency of atypical lymphocytes 
(LYM = squared arc sin) alternated as response variables to age (AGE; in years) in each group. Groups are labeled by combining 
the serotype (DENV1 or DENV3) and year. D1_07 was used as the reference group. B is the regression coefficient; SE is its 
standard error. P < 0.05 indicates significant t-tests. Bonferroni correction for the number of tests comparisons indicates the critical 
P-value = 0.05/3 = 0.0167. 

Response Factor: Interaction B SE t P

PLA

AGE 0.002 0.001 1.40 0.1637

Group D1_15 0.215 0.060 3.59 *0.0004

Group D3_07 0.046 0.059 0.77 0.4413

AGE: Group D1_15 -0.003 0.002 -2.03 *0.0436

AGE: Group D3_07 -0.003 0.002 -1.66 0.0996

LEU

AGE 0.001 0.002 0.83 0.4055

Group D1_15 0.224 0.078 2.87 *0.0047

Group D3_07 0.063 0.077 0.82 0.4113

AGE: Group D1_15 -0.004 0.002 -2.17 *0.0311

AGE: Group D3_07 -0.002 0.002 -1.02 0.3085

LYM

AGE -0.004 0.006 -0.76 0.4502

Group D1_15 -0.794 0.273 -2.91 *0.0041

Group D3_07 0.069 0.268 0.26 0.7980

AGE: Group D1_15 0.009 0.007 1.29 0.1989

AGE: Group D3_07 0.001 0.007 0.18 0.8556

Figure 4 - Age effects (left side) and relationship among hematological variables (right side) in DENV-positive patients detected by 
molecular typing in Marilia during 2007 and 2015. Groups are labeled by combining the serotype (DENV1 or DENV3) and year. D1_07 
was used as the reference group. Platelet and leukocyte counts (PLA and LEU, both in Log10 cells/mL), and frequency of atypical 
lymphocytes (LYM = squared arc sin) alternated as response variables. See Tables 4 and 5 for results of generalized linear models.
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Table 5 - Generalized linear models using the identity function to detect relationships among hematological variables of DENV-
positive patients detected by molecular typing in Marilia during 2007 and 2015. Groups are labeled by combining the serotype 
(DENV1 or DENV3) and year. Platelet and leukocyte counts (PLA and LEU, both in Log10 cells/mL) and frequency of atypical 
lymphocytes (LYM = squared arc sin) alternated as responses to the remaining variables in each group. Groups are labeled by 
combining the serotype (DENV1 or DENV3) and year. D1_07 was used as the reference group. B is the regression coefficient; SE 
is its standard error. P < 0.05 indicates significant t-tests. Bonferroni correction for the number of tests comparisons indicates the 
critical P-value = 0.05/3 = 0.0167.

Response Factor: Interaction B SE t P

LEU

PLA 0.503 0.147 3.41 *0.0008

Group D1_15 -0.917 1.148 -0.80 0.4255

Group D3_07 -1.290 1.057 -1.22 0.2242

PLA: Group D1_15 0.176 0.219 0.80 0.4239

PLA: Group D3_07 0.254 0.205 1.24 0.2171

LYM

PLA -1.359 0.570 -2.38 *0.0182

Group D1_15 -4.371 4.443 -0.98 0.3266

Group D3_07 -2.533 4.092 -0.62 0.5367

PLA: Group D1_15 0.765 0.848 0.90 0.3685

PLA: Group D3_07 0.502 0.793 0.63 0.5278

LYM

LEU -1.827 0.563 -3.24 *0.0014

Group D1_15 -3.271 2.435 -1.34 0.1809

Group D3_07 -1.805 2.374 -0.76 0.4481

LEU: Group D1_15 0.812 0.686 1.18 0.2379

LEU: Group D3_07 0.538 0.673 0.80 0.4251

Figure 5 - DENV1 CprM amino acid-translated sequences obtained from 12 Marilia patients in 2015 plus the unique correspondent 
sequence described in 2007, and from DENV1 retrieved from GenBank of patients of Sao Jose do Rio Preto (SJRP), Ribeirao Preto 
(RP) and Jundiai in the year 2012, 2013, 2014 and 2018.

and economic conditions that can contribute distinctly to 
DENV and its associated diseases evolution. Monitoring 
and notification26-28 of DENV cases in Brazil are performed 
in three governmental levels. The Federal and State-owned 
public databases harbor data generated by the Brazilian 
State Central Reference Laboratories (LACENs) through 
serological diagnostic methods and municipal random 
sampling serotyping. Marilia is a medium sized city of 
Sao Paulo State (220,000 inhabitants) affected by major 
dengue epidemics. According to health institutional local 

rules, laboratory diagnosis is required to confirm the 
disease (serology and/or viral isolation, exceptionally, by 
PCR and/or immunohistochemistry) until the incidence 
reaches 150/100,000 inhabitants. After this mark, a clinical-
epidemiological criterion is used. Cases with symptoms 
compatible with DF are notified to the State-owned public 
health database, without a laboratory-checked diagnostic. 
Only cases of DHF, SCD and dengue with complications 
are laboratory analyzed. At the municipal level, the public 
health institution tests a high number of patients through 
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DENV IgM detection-based method and the results 
are registered in the local database, our source for the 
historical DF incidence and DENV serotypes circulation 
in Marilia from 2000 to 2015 (Figure 1). The observed 
pattern of DENV circulation in Marilia city agrees with 
that expected for the disease in endemic American regions, 
with epidemics occurring every three to five years, at least 
until 20131. 

DENV serotype entry and substitution are usually 
associated with increased DF incidence and greater 
severity of the disease29. According to LACENs, DENV3 
predominated in several Brazilian States between 2002 and 
2006 and from 2007 to 2009, DENV2 replaced DENV3 as 
the predominant serotype, which in turn was replaced by 
DENV1 in 200930. The historical investigation of DENV 
cases in Marilia revealed a regional specificity. Between 
2013 and 2015, DENV incidence increased annually 
without a main serotype changing. The conspicuous DENV 
epidemics showed no correlation with serotype introduction 
and DENV1 entered the city in 2007. DENV1 substituted 
DENV3 serotype after co-circulation in 2007-2008 and 
DENV4 after co-circulation in 2013. Thus, DENV1 
serotype circulated for at least nine years and was identified 
in the largest DF epidemics of the historical series (2007, 
2010, 2014 and the top-most relevant epidemics in the year 
2015, with 3,162 confirmed cases).

There is not a biorepository of biological samples 
available for retrospective studies on DENV serotyping. 
Thus, the relationship between DENV1 intra-serotype 
genetic variation and the DF increase in Marilia was not 
investigated. However, the partial sequence of the CprM 
encoding gene presented high genetic variability (at least 
eleven different variants) in the 2015 circulating DENV1, 

when compared to the only available DENV1 homologous 
sequence obtained in 20077 (Supplementary  Figures  1 
and  2). These results indicate a high evolution rate of 
DENV1 in Marilia, which corroborate the regional 
specificity of DF, suggesting that the local health institution 
epidemic management obtained an efficient control. 

The number of suspected and confirmed DENV 
cases in the historical series of Marilia varies among 
years (Figure 1). Unconfirmed cases may result from 
diseases with the same symptoms of DF, in the period 
of other arboviruses, including Chikungunya and Zika 
fever, as well as leptospirosis31,32, which could be tested 
in a differential diagnosis. In addition, identification of 
demographic and hematological profiles associated with 
DENV infection risk (such as platelet and leukocyte counts) 
in the initial epidemic burden could assist in the diagnosis 
when the clinical-epidemiological criteria is in use, while 
laboratory tests recommended by State-owned public health 
institutions are underway8.

During DF epidemics, patients diagnosed by clinical-
epidemiological criteria are submitted to hematological 
exams for platelet count and plasma concentration 
monitoring in order to detect DHF signals. In 2015, the 
Hemocenter of Marilia Medical School concentrated part 
of the Marilia DF cases which were used in the DENV 
molecular diagnosis and typing, in accordance to the 
local Human Experimental Ethical Committee approved 
protocol. From all samples tested for DENV through 
RT-PCR, 65 were positive and belonged to serotype 1. 
Among these, 62 patients had complete data on age, gender, 
platelet and leucocyte counts, and percentage of atypical 
lymphocytes and were included in the comparative analysis 
with DENV1-positive patients investigated in 20077.

Figure 6 - Marilia DENV 1 amino acid phylogenetic analysis by Neighbour Joining. The unique sequence obtained in 2007 was 
used as an outgroup for the 12 remaining, obtained in 2015. CprM amino acid sequences from DENV1 obtained from patients of 
Sao Jose do Rio Preto (SJRP), Ribeirao Preto (RP) and Jundiai in the year 2012, 2013, 2014 and 2018 were included in the analysis.
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In the 2007 cohort, there was a positive correlation 
between atypical lymphocytes, that can be associated 
with the viremia titer33, and decrease in platelets, while 
in 2015, increase in atypical lymphocytes was correlated 
to the decrease in leukocytes (Figure 4, Table 5). These 
results suggest a change in the DENV1 physio-pathological 
pattern. 

Symptomatic acute dengue infections are associated 
with the decrease in leukocyte and platelet counts, which 
are also conditions to the evolution of DF to severe cases34. 
In 2015 and 2007, both parameters of DENV1-infected 
patients showed a direct correlation in the bivariate analysis 
(Figure 4). Age and gender did not correlate to platelet and 
leukocyte counts in 2007, while in 2015, decreasing in both 
counts were marginally associated with the increasing of 
age. These results revealed that, in Marilia, older people can 
suffer slightly more severe disease outcomes, a different 
picture from that detected in other Brazilian regions35.

In 2015, despite the circulation of only one serotype, 
there was a major dengue epidemic in the city of Marilia. 
Sequencing of the CprM encoding gene from DENV1 in 
2015 in positive samples showed a high genetic variability 
(Supplementary Figures 1 and 2). Besides, the divergence 
investigation of the CprM encoding gene in 2015 circulating 
DENV1 revealed a genetic variation, contrasting with the 
unique DENV1 CprM DENV1 sequence in 2007, as well 
as resulting in amino acid substitutions in the translated 
sequences (Figures 5 and 6). This can partially be explained 
by the high genetic variability presented by RNA genome 
viruses, which may be associated with the low fidelity of 
the RNA-dependent RNA polymerase enzyme. It allows 
the incorporation of mutations into the RNA strand that 
is being synthesized, together with the absence of a repair 
mechanism, resulting in the generation of many viral 
variants36. Thus, even if a serotype has been found in 
previous regional epidemics, the genetic variation within the 
serotype itself can affect the previously affected population, 
increasing the incidence rates of the disease37. The CprM 
has an important role in the immune response of infected 
individuals38. Research conducted with human monoclonal 
antibodies generated after primary or secondary natural 
DENV infections showed a cross-reactivity with epitopes 
of different antigens, including the prM protein, which 
could contribute to increased risks of clinical evolution of 
DF to DHF39.

The epidemiological study of dengue outbreaks and 
epidemics is important for understanding the association of 
genetic characteristics of circulating serotypes and regional 
aspects, including age, gender and history of the disease 
in the affected population. It is expected that knowledge 
of regional features of circulating DENV genetic variants 

associated with demographic and the hematological profiles 
of the infected population can contribute to improve the 
management of DF in Marilia and can also be used as a 
model for other cities.

CONCLUSION

The historical evaluation of serotypes circulation and the 
incidence of DENV in Marilia from 2000 to 2015 revealed 
epidemics occurring in three-years intervals until 2013, and 
annually afterwards. DENV1 serotype circulated from 2007 
to 2015, after co-circulation with DENV3 in 2007-2008 and 
with DENV4 in 2013. There were significant differences 
in hematological profiles between 2007 and 2015 DENV1 
patients and even between patients with different serotypes 
circulating in 2007. In 2015, platelet and lymphocyte 
counts marginally decreased with age, indicating a slightly 
severe disease in older people. The percentage of atypical 
lymphocytes, used as a marker for the viral titer, increased 
with the decreasing in platelets, in 2007, and lymphocytes, 
in 2015, showing temporal differences in DENV1 physio-
pathologic mechanisms. The CprM encoding gene from 
2015 DENV1 showed a genetic variability contrasting 
with the unique sequence obtained in 2007. These results 
reinforce the regional and temporal characteristics of DENV 
epidemics, which needs a local public health investigation 
to improve people’s medical care and to limit DENV new 
serotypes/genotypes spreading to uninfected areas. 
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SUPPLEMENTARY MATERIAL

Supplementary Figure 2 - Marilia DENV 1 nucleotide phylogenetic analysis by Neighbour Joining. The unique sequence obtained 
in 2007 was used as an outgroup for the 12 remaining, obtained in 2015. CprM nucleotide sequences from DENV1 obtained from 
patients of Sao Jose do Rio Preto (SJRP), Ribeirao Preto (RP) and Jundiai in the year 2012, 2013, 2014 and 2018 were included 
in the analysis.

Supplementary  Figure 1 - DENV1 CprM nucleotide sequences obtained from 12 Marilia patients in 2015 plus the unique 
correspondent sequence described in 2007; and from DENV1 retrieved from GenBank of patients of Sao Jose do Rio Preto (SJRP), 
Ribeirao Preto (RP) and Jundiai in the year 2012, 2013, 2014 and 2018.
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