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Alteration in the Erythrocyte Sedimentation Rate in Dengue Patients: Analysis of 1,398 Cases

Luiz José de Souza, Aldo Franklin Ferreira Reis, Fernanda Carlos Rodrigues de Almeida, Lara Assed de Souza, Marina
Abukater, Mauricio Assed Estefan Gomes, Olivia Araujo Abicair and Pedro Assed Gongalves
Reference Center of Dengue; Brazilian Society of Internal Medicine; Medical School of Campos; Campos dos Goytacazes RJ, Brazil

A study of the erythrocyte sedimentation rate during the first hour (ESR) in dengue patients would help
determine how this parameter is affected by this disease, as well as whether it can be used for diagnosis. One
thousand, three hundred and ninety-eight cases of dengue attended at the Dengue Treatment Center, Campos
dos Goytacazes Rio de Janeiro, Brazil, were included. The ESR values were classified as normal or elevated
and compared by gender and clinical form of the disease. Among the 1,398 cases ESR was normal in 81.25% (n
= 1,136), while in 18.75% (n=262) it was elevated. In 83.92% (n=514) of the male dengue patients ESR was
normal, while in 16.08% (n=98) it was elevated. Among female dengue patients, 79.17% (n=622) had normal
ESR, and in 20.83% (n=164) ESR was elevated (p=0.05). Among patients with classic dengue, 77.28% (n=961)
had normal ESR, whilein 22.72% (n=282), it waselevated. Alsoin 85.81% (n=133) of patientswith hemorrhagic
dengue, ESR was normal, while in 14.19% (n=22) ESR was elevated (p=0.026). We concluded that ESR was
within normal ranges in most dengue cases, independent of gender or clinical presentation. Given the high
frequency of normality and the ease of determination of this parameter, ESR data can help in the differential

diagnosis of dengue.
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Dengue is an arbovirosis caused by avirus of the genus
Flavivirus; four serotypes have been identified (Den-1, 2, 3
and 4). This disease is typically found in tropical and
subtropical regions, where environmental and socioeconomic
conditionsfavor the devel opment of thisvector, the mosguito
Aedes aegypti. It reproduces in clean still water; thisfact is
crucial for control strategies, since no effective denguevaccine
isavailable [1-6]. Currently, this vector is found throughout
Brazil. An estimated 100 million cases of dengue occur annually
throughout theworld, and 2.5to 3 billion peoplelivein areas
considered at risk [1-6]. Dengue can be presented in various
clinical forms, varying from oligosymptomatic formsto serious
forms, such as dengue shock syndrome [4,7].

Erythrocyte sedimentation rate (ESR) during thefirst hour is
asimpleandlow cost exam. It measurestherate of sedimentation
of erythrocyte of a blood sample in a graduated test tube
maintained in avertical position during one hour. Though it is
unspecific, thistest has been widely used for the documentation
of inflammatory, infectious and neoplasic processes and in the
accompaniment of variouspathologies, especidly inregionswith
limited resources. The erythrocyte sedimentation rate can also
be high in pathologies such as anemia, macrocytosis, diabetes
mellitus and hypothyroidism, and as part of physiological
processes, such as gestation, menstruation and aging. This
judtifiesitsbeing designated an nonspecific exam. Consequently,
it is recommended that ESR not be interpreted as a diagnostic
exam, but rather asan auxiliary tool to anmnese, physica exams
and other complementary exams[8-11].
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Giventhefact that ESR ismaintained within norma limits
in dengue patients, during epidemics, this easily-performed
exam could become an important tool to help confirm clinical
suspicion of dengue. During the fever stage of dengue,
various bacterial infections can be part of the differential
diagnosis; in this case erythrocyte sedimentation rateis quite
useful, because the valuesremain unaltered in dengue patients
[12]. Consequently, given the effect of dengue on morbidity
and mortality and the impossibility of a more complete
investigation when there are many suspected cases, ESR
would be useful to help diagnose with diagnosis whenever
this disease is suspected.

Material and M ethods

We examined the speed of erythrocyte sedimentation rate
(ESR) during the first hour in 2,627 patients suspected of
having dengue, attended at the Centro de Referéncia da
Dengue (CRD) in Campos dos Goytacazes, in the state of Rio
de Janeiro, Brazil, from March to May 2007. These patients
wereinitially examinedin theclinic (anamnesisand aphysical
exam) and then included in thefollowing laboratory protocol:
the symptomatic patients attended from daysoneto five after
the symptoms began were referred for a full hemogram,
aspartatetransaminase (AST) and alaninetransaminase (ALT)
concentrationsand ESR, along with virusisolation. Thelatter
was done at the Oswaldo Cruz Institute, Department of
Virology, Riode Janeiro, RJ, Brazil. Theexamssolicited for the
symptomatic patients attended from days six to nineincluded
acomplete hemogram, alongwithAST, ALT and ESR dosages.
Serologiesfor IgM and 1gG EL1SA for dengue wererequested
for patients who were asymptomatic from day 10 on. This
protocol improved participation of the patients and
successfully confirmed the diagnosis of dengue. After these
routine procedures, the patients continued to be attended in
theambulatory clinic or were hospitalized, depending on their
clinical manifestations.
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Case Definition

Inclusion criteria were patients with symptoms and
laboratory data compatible with dengue (fever, head ache,
myalgia, arthralgia, prostration, retro-orbital pain, nauseas,
vomiting, leucopenia, hemoconcentration and
thrombocytopenia) and IGM ELISA serology solicited after
day 10 of the initiation of symptoms, positive for dengue.
Classification as hemorrhagic dengue was made according to
criteriaof the World Health Organization (WHO), though with
some adaptations, these being: platelet counts < 100,000/uL,
positive loop test and/or signals of spontaneous bleeding
and hemoconcentration, the latter defined based on a
hematocrit (Ht) > 45% in men, H>40% inwomen and > 38%in
children. [13]. Thecriterion of a20% increase over aprevious
value was not used, due to the impossibility of making
comparisons, because most patients had no previous
hematocrit data, besides the impossibility of doing serial
hemograms because of the large number of patients.

Sample Description

From March to May 2007, 2,627 patients suspected to
have dengue were attended at the CRD. Among these, 559
patients did not return for serological confirmation, 423 tested
negative for dengue by IgM ELISA and 247 arrived at the
ambulatory only nine days after disease symptoms began.
Consequently, 1,398 confirmed cases of dengue met thecriteria
for our study.

The ESR exam was done using the Westergren method;
1.6 mL of amixture of venousblood was mixed with 0.4 mL of
3.8% sodium citrate solution in a graduated transparent tube
with aninternal diameter of 2.5 mm. The zero mark of thetube
was at the upper extremity, 200 mm from pipettetip. Thetube
wasthen placed in avertical position for one hour. A reading
was made of the height of the plasma column that formed at
the upper part of the pipette, expressed as millimeters per
hour (mm/h). [10]. Thereferencevaluesvary according to age
and gender (Table 1).

Table 1. Referencevauesfor ESR.

Age Male Female
050 <15mm/h <20mm/h
51-85 <20mm’h <30mm/h
>85 <30mm/h <42mm/h

Source: Sox H.C., Liang M.H. The erythrocyte
sedimentation rate: guidelines for rational use. Ann Int Med
1986;104:515-23.

Based on Table 2, the ESR valueswereclassified asnormal,
lower than or equal to the reference value, or above the
reference value. Using this classification, the ESR profile of
dengue was examined based on the following: 1-The sample
was divided by sex, with later classification of ESR; 2- The
sample was divided according to clinical presentation, as

classic dengue or hemorrhagic dengue, and then classified
according to ESR; 3- After grouping by sex, anew division of
these subgroupswas made according to clinical presentation,
and then according to ESR. We used the chi-square test to
test for differences between proportions in the various
comparisons.

Results
Table 2 shows the groups of patients in our study.

Table 2. Patients attended at the Centro de Referéncia da
Dengue (CRD) of Campos dos Goytacazes, Secretaria
Municipa de Salide, inthe state of Rio de Janeiro, Brazil from
March to May 2007.

Total number of suspect casesattended 2.627 cases
attheCRD

Patients who did not return for serological 559 cases
confirmation

Patients with negative IgM ELISA serology 423 cases
for dengue

Patients who first came to the CRD after 247 cases
the 9" day of disease

Confirmed cases of dengue included 1.398 cases

in our study

Thesampleof 1,398 patientsincluded 43.77% (n=612) maes
and 56.23% (n=786) femal es. When we grouped the patients
by clinical presentation, we found 88.91% (n=1,243) with
classic dengue and 11.09% (n=155) with hemorrhagic dengue.
The mean age of the patientsin our samplewas 36.5 (+/-14.4)
years. None of patients died during this period.

Among the patients with dengue 81.25% (n=1,136) had
norma ESR and 18.75% (n=262) had high ESR (Table 3). Among
mal e dengue patients, 83.92% (n=514) had normal ESR and
16.08% (n=98) had high ESR. Among female patients, 79.17%
(n=622) had normal ESR and 20.83% (n=164) had high ESR.
There was a significant tendency towards normal ESR (chi-
squaretest, p < 0.05, Table 3).

When we grouped the patients according to clinical
presentation, wefound normal ESR levelsin 77.28% (n=961)
and highESR in22.72% (n=282) of the patientswho had classic
dengue. Among patients with hemorrhagic dengue, 85.81%
(n=133) had normal ESR and 14.19% had high ESR (p=0.026,
Table3).

When we analyzed the effects of gender and clinical
presentation together, we observed that 76.59% (n=528) of
thefemal e pati entswith classic dengue had normal ESR, while
23.41% (n=162) had high ESR. Among femal e patients with
hemorrhagic dengue, 81.76% (n=78) had normal ESR, while
18.24% (n=18) had high ESR. This difference was not
significant (chi-square test, p=0.31, Table 3). Among mae
patientswith classic dengue, 77.98% (n=432) had normal ESR
and 22.02% (n=122) had high ESR, whileamong mal e patients
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Table 3. ESR profilein dengue patients, compared by gender, clinical presentation and interactions between these two factors.

Normal ESR HighESR Total
IgM positive for dengue 81.25% (n=1.136) 18.75% (n=262) 100% (n=1.398)
Gender
Mae 83.92% (n=514) 16.08% (n=98) 43.77 (n=612)
Femae 79.17% (n=622) 20.83% (=164) 56.23% (n=786)
p=0.05
Clinica form
Classic 77.28% (n=961) 22.72% (n=282) 88.91% (n=1.243)
Hemorrhagic 85.81% (n=133) 14.19% (n=22) 11.01% (n=155)
p=0.026
Sex and clinical presentation
Mae+C.D. 77.98% (n=432) 22.02% (n=122) 90.52% (n=554)
Mae+H.D. 89.86% (n=52) 10.14% (n=6) 9.43% (n=58)
p=0.035
Femdet+C.D. 76.5%% (n=528) 2341% (n=162) 87.78% (n=690)
Femae+H.D. 8L.76% (n=78) 18.24% (n=18) 12.22% (n=96)

p=0.31

ESR = erythrocyte sedimentation rate during the the first hour,

with hemorrhagic dengue, 89.86% (n=52) had normal ESR,
and 10.14% (n=6) had high ESR (p=0.035, Table 3).

Discussion

Theerythrocyte sedimentation rate (ESR) isacomplementary
exam that initially was developed to help diagnose pregnancy;
currently itismore commonly used in Rheumatology, and it has
become important for the diaghosis and accompaniment of
diseases such as rheumatic arthritis, systemic lupus
erythematosusand rheumatic disease[8,10]. TheESR examisa
low-cost and sensitive, though unspecific test for documenting
inflammatory, infectiousand neoplasic processes[10]. The speed
at which erythrocyte sediment in thetube, affecting ESR val ues,
depends on the volume and the morphology of the red blood
cells and of the plasmatic proteins, which can be classified
according to thefollowing scale of values: fibrinogen (10), beta
globulin (5), apha and gamma-globulins (2) and albumin (1).
Consequently, pathol ogies that include reductions in plasmatic
proteins, rigidity and cell morphology aterations, suchassickle
cell anemia, hereditary spherocytosis and hypofibrinogen
syndrome, and reduced erythrocyte sedimentation;
consequently, ESR values generdly are within norma limits
[8,10,11]. Ontheother hand, diseasesor physical aterationsthat
present with hemodilution and increased asymmetric, high
molecular weight plasma proteins, such asalcoholism, multiple
myelomasand lymphomas, generaly resultinabove-norma ESR
values. Thisis because these plasmatic proteins bind to the cell
membrane, reducing the repulsion potential between the
erythrocytes (denominated zeta potential) facilitating the piling
up and adherence of erythrocytes, named erythrocytes in
rouleaux[8,10].

In cases of dengue, theprincipal characteristic of thedisease
is the state of hemoconcentrarion of the patient. After being
bitten by thefemale Aedesaegypti mosguito, thedenguevirusis

C.D.= classic dengue, H.D.= hemorrhagic dengue.

inoculated into the individua, initially infecting the histiocytes
of the skin; then, they beginto multiply inlocal lymph nodes, in
the smooth and striated muscle and in the fibroblasts. After this
initial multiplication, a viremia develops within the plasma or
within monocytes/macrophages. In the case of classic dengue,
antibodieslink to the E protein epitopes of theviral envelopeby
complement fixation or by blocking the receptors with viral
neutralization. In cases of hemorrhagic dengue, the massive
penetration of virus into the mononuclear phagocytic system
provokesliberation of chemical mediatorsthet stimul ate basophils
to secretelarge quantitiesof histamine, activating the complement
system and coagul ation mechanisms. This increased liberation
of histamineand activation of thecomplement system and of the
coagulation mechanismsareresponsiblefor diffuseendothdlitis,
which leads to increased vascular permeability, followed by
plasma leakage to the third space, characterizing
hemoconcentration inthe patient. [4,6,13-15].

Inastudy of 180 patients with dengue hemorrhagic fever, it
wasobserved that 77% had normal ESR (upto 20 mm/h) and 15%
had dightly accelerated ESR (from 21 to 30 mm/h). Another 8%
had a ESR of from 31 to 49 mm/h. The authorsattributed thisto
the hemoconcentration and hypoalbuminemiafound in dengue
patients, as a consequence of theleaking out of plasma[9]. The
blood of a hedthy individua consists of approximately 60%
plasma and 40% blood cells (erythrocytes, leucocytes and
platelets), varying physiologically with sex and age[16]. Given
thisinformation, sinceplasmaleskageleadsto hemoconcentration,
the blood of dengue patients has a proportional loss of plasma
and blood cells, that is, while on one hand therel ative percentage
of blood cells increases, on the other hand the proportion
comprised of plasmadecreases. Consequently, when dosing ESR
by the Westergren method, the reading of the column of plasma
will be reduced; since this corresponds to the ESR value, the
latter will bewithin normal limits[9,10,17]. Additionally, when
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thereis hemorrhaging, the ESR values are also normal because
of the hypophibrinogenemiain these patients. Mean ESR levels
in cases of shock werefound to be 7.63mmv/h, whilein the other
casesitwas 13.87mm/h, showing that ESRislower inmoreserious
cases[9). Inthissamestudy, the ESR valuesof 70 dengue patients
were compared with those of patients affected by other vira and
bacteria infections. The mean ESR in dengue patients was
10.71mm/h; inthe group of patientswith other viral infectionsit
was 20.46mmvh, and in patientswith bacterial infections, it was
34.81mm/h. Based on these results, we can see that ESR isan
exam that should be interpreted within context, and never as
isolated information; it can helpful in the initial diagnosis of
dengue, principaly in the fever phase, helping in differential
diagnosis compared to bacterid diseases[9)].

In another study made by our group in Campos dos
Goytacazes-RJ, differential diagnosis of dengue from anicteric
leptospirosis was found to important, due to similar clinical
manifestations. Inthe casesof anicteric leptospiros s, 88.89% of
the patientshad ESR vauesabove 40 mm/h [12]. Comparing this
information with what we found in our study, we can see that
ESR behaves differently in these two pathologies, making it a
useful tool for differentiation.

During our study, wefound that asmall percentageof patients
had ESR values above the reference values, generaly thiswas
because these patients had diseases associated with dengue,
most commonly, urinary infectionsand anemia. ESR waselevated
inurinary infectionsdueto the greater production of proteinsby
the liver in the acute phase and the consequent increased
aggregation of erythrocytes, accel erating their sedimentation. It
isavdid conclusion that the ESR vaue is proportional to the
intensity of theinflammeatory response. Inthe case of anemia, the
sedimentation of erythrocytesisfacilitated by areductioninthe
number of erythrocytesre ativeto thevolumeof plasma[8,10,11].

Among 1,398 cases that we studied, we observed that the
ESR valuesin dengue patients, independent of theclinical form,
were within norma limits for a great mgjority of the patients,
especidly in male patients (83.92%), when compared to female
patients(79.17%). Based on andlysisof ESR accordingtoclinica
condition, we observed that in 85.81% of patients with dengue
hemorrhagicfever, theESR vaueswerewithinnormd limits, while
among the patients with classic dengue, the ESR values were
normd in 77.28%. Similar towhat hasbeen foundin other studies,
we attribute these findings to the degree of hemoconcentration,
low levelsof dbumin and fibrogen and thefinding of disseminated
intravascular coagulation in patients with dengue hemorrhagic
fever, the main factors responsible for the decrease in ESR,
especially in the more serious cases [8,9]. Another point that
should be emphasized is the fact that hemoconcentration is
trandated inthelaboratory aselevated hematocrit values. Martins
et a. observed that the erythrocyte sedimentation process needs
a longer time to occur when hematocrit levels are high
(hemoconcentrated) and faster (greater sedimentationrate) when
thehematocritsweresmall (hemodiluted) [17].

Analyzing the ESR vauesby clinical manifestationinmales
and females, we observed that ESR levelswerenormal in most

patients of both sexes. The percentage of male patients with
normal ESR values was greater than for female patients. We
believe this to be a consequence of more common bacterial
urinary infections and anemia in female patients; these are
pathologies that increase ESR. Also, women normally have
greater rates of hemosedimenation [8,10].

Conclusions

Based on our results, we concludethat ESRiswithin normal
limits in most cases of dengue, independent of its clinical
manifestation; this is mainly due to the hemoconcentration
found in dengue patients, along with hypoalbuminemy and
hypofibrinogenemia. This contrasts with the ESR profile in
patients with bacterial diseases and should be incorporated
into diagnostic exclusion criteriafor dengue.

Acknowledgements
We thank Dr. Regina Célia Campos Fernandes for her
collaboration and incentive of this research.

References

1. Souza L.J, Fortes H.J.,, Dengue. In: Lopes A.C., Cipullo JP, Kubiak
C.A.P. Programa de Atuaizag& em Clinica Médica Ciclo 2 Médulo
4. Editora Artmed, 2004.

2. Tauil PL. Aspectos criticos do dengue no Brasil. Cadernos de Salide
Pablica 2002;18(3):867-71.

3. Souza L.J, Nogueira R.M.B., Bastos D.A., et a. Aminotransferase
changes and acute hepatitis in patients with Dengue fever: Analysis
of 1,585 cases. The Brazilian Journal of Infectious Diseases
2004;8(2):156-63.

4. Souza L.J. Dengue: Diagnostico, Tratamento e Prevencéo. Campos
dos Goytacazes,RJ. Editora: Rubio, 2007.

5. Souza L.J., Gomes C.R.P, Bastos D.A., et a. Aspectos Clinicos da
Dengue. In: Lopes AC.Tépicos em Clinica Médica. Rio de Janeiro.
Editora MEDSI, 2003.

6. Guzmé MG Kouri G Dengue: an update. The Lancet Infectious Diseases
2002;2:33-42

7. Martins A.L.O., et a. Hemorrhagic encephalopathy in Dengue shock
syndrome: a case report. The Brazilian Journd of Infectious Diseases
2005;9(3):257-61.

8. Collare GB., Vidigd PG Recomendacdes para o0 uso da velocidade de
hemossedimentacdo. Rev Med Minas Gerais 2004;14(1):52-7.

9. Kaayanarogj S., Nimmannitya S. A study of erythrocyte sedimentation
rate in dengue hemorrhagic fever. Southeast Asian J Trop Med Pub
Health 1989;20(3).

10. Santos V.M., Cunha SF,, Cunha D.F. Velocidade de sedimentac&o das
hemécias: utilidade e limitagBes. Rev Assoc Méd Bras 2000;46(3).

11. Sox H.C, Liang M.H. The erythrocyte sedimentation rate: guidelines
for rational use. Ann Int Med 1986;104:515-23.

12. Souzal.J, Goncaves PA., Gomes M.A.E,, et d. Leptospirose anictérica
em Campos dos Goytacazes/RJ: andlise de 18 casos. Revista Cientifica
Orgao Oficia da Faculdade de Medicina de Campos 2007;2(1):2-7.

13. World Health Organization. Dengue hemorrhagic fever: diagnosis,
treatment, prevention and control. 2nd edition. WHO 1997:1-83.

14. Fonseca B.A.L., Figueiredo L.T.M. Dengue In: Focaccia, R.; Verones,
R. eds. Tratado de Infectologia. S&o Paulo: Ateneu, 2005, cap.13,
p.343-56.

15. Verones R. Doengas Infecciosas e parasitérias. 8 ed. Rio de Janeiro:
Guanabara Koogan, 1991, p.1082.

16. Guyton A.C., Hall JE. Tratado de Fisiologia Médica. 9 ed. Rio de
Janeiro: Guanabara Koogan, 1997, cap.25, p.277.

17. Martins GS, Cardoso A.V., Marcondes GA. Agregacéo e sedimentagéo
eritrocitéria utilizando VHS (velocidade de hemossedimentacéo) e
espectrofotometria UV-Vis. Matéria 2007;12(1).

www.bjid.com.br





