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Dengue: A Review of the Laboratory Tests
a Clinician Must Know to Achieve a Correct Diagnosis

Sérgio Oliveira De Pauld2and Department of Internal Medicine, School of Medicine of Ribeirdo

Benedito Antdnio Lopes da Fonseéa Pretd; Program of Graduate Studies on Applied Microbiology and
Immunology, School of Medicine of Ribeirdo Preto — University of
Sao Paulg Ribeirdo Preto/SP, Brazil

Dengue is the most important disease caused by an arbovirus (1, 2, 3 and 4 serotypes) worldwide,
especially in the tropical and sub-tropical regions. Its clinical manifestations range from
asymptomatic infections to a severe disease characterized by hemorrhage and shock. The incidence
of dengue virus activity in the Americas has substantially increased from 1980 to 1994. In Brazil,
the increase in the incidence of dengue is especially linked to the disseminatioA@dies aegypti
Thus, a rapid and accurate dengue diagnosis is of paramount importance for effective control of
dengue outbreaks [8]. Five serological tests have been used for the diagnosis of dengue infection:
hemagglutination-inhibition (HI), complement fixation (CF), neutralization test (NT),
immunoglobulin M (IgM) capture enzyme linked immunosorbent assay (MAC-ELISA) and indirect
immunoglobulin G ELISA. The limitations of these techniques are the high cross-reactivity
observed with these tests. Four methods of viral isolation have been routinely used for dengue
viruses: intracerebral inoculation of newborn mice, inoculation on mammalian cell cultures,
intrathoracic inoculation of adult mosquitoes, and inoculation on mosquito cell cultures. In recent
years, several new diagnostic technigues have been developed and have proven very useful in
dengue diagnosis, such as: nucleic and acid hybridization, RT-PCR. Currently, dengue diagnosis
is based on serology, viral isolation and RNA detection. Enzyme-linked immunosorbent assays
(ELISA) are still the most widely used technique for serological diagnosis, but they do not identify
the dengue virus serotype responsible for the current infection, so molecular techniques may
soon assume a very important role in dengue diagnosis. RT-PCR is definitely the most satisfactory
test that can be used on these infections, since it has been shown to be able to detect dengue viruses
up to the 10" day after the onset of the symptoms.
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Dengue results from infection by one of four denguevorldwide, especially in the tropical and sub-tropical
virus serotypes, named dengue-1, 2, 3, and 4; itis thegions. Annually, dengue virus infections are
most important disease caused by an arbovirugesponsible for up to 100 million cases of dengue fever

and more than 500,000 cases of hemorrhagic fever
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The factors responsible for the increasinglaboratory techniques available for dengue diagnosis.
importance of dengue as a global public health problerfihese techniques were examined according to the
in the last decades are associated with demographigpe of the approach used for achieving the diagnosis,
and social changes over the past 50 years. The magnd the promising new molecular methods were
factors have been the unprecedented globaxamined in greater detail.
population growth and the associated unplanned and
uncontrolled urbanization, especially in tropical Specific Laboratory Diagnosis
developing countries. Substandard housing, crowding,
and deterioration in water, sewer and waste The definitive diagnosis of dengue virus infection can
management systems, intimately associated witbnly be made in the laboratory, and it depends on the
unplanned urbanization, have created ideal conditiornisolation of these viruses, the detection of viral antigens
for increased transmission of mosquito-borne diseases RNA in serum or tissues, or the detection of specific
in tropical urban centers [4]. antibodies in the patients’serum [9,10].

The incidence of dengue virus activity in the Americas
has substantially increased from 1980 to 1994. Durin§erologic Diagnosis
this period, all dengue activity in the Americas was
mainly associated with dengue serotypes 1, 2, and 4 Five serological tests have been used for the
(DEN-1, 2, and 4). The isolation of DEN-3 from two diagnosis of dengue infection: hemagglutination-
children hospitalized with minor hemorrhagic inhibition (HI), complement fixation (CF), neutralization
manifestations in Nicaragua, and from two persons wittest (NT), immunoglobulin M (IgM) capture enzyme
dengue fever in Panama at the end of 1994, markdehked immunosorbent assay (MAC-ELISA) and
the beginning of the detection of all four serotypes inndirectimmunoglobulin G ELISA. The limitations of
the Americas [5]. these techniques are the high cross-reactivity observed

In Brazil, the increase in the incidence of dengue isvith these tests, requiring a comprehensive pool of
especially linked to the disseminatio\eides aegypti  antigens, including all four serotypes, another flavivirus
Dispersion of the vector was followed by the (yellow fever virus, Japanese encephalitis virus, or St.
dissemination of serotypes 1 and 2 to most states @buis encephalitis virus), and in some areas, another
the country. DEN-3 was detected for the first time invirus that causes similar clinical manifestations but that
December 2000 in the state of Rio de Janeiro, ang not flavivirus, such as Oropouche, Mayaro or
subsequently, in the state of Roraima, in NovembeChikungunya viruses. Furthermore, the dengue
2001 [6,7]. antibodies are better detected around the fifth day of

In order to prevent and control the progression oflisease onset, making this technique unfeasible for rapid
this disease, an expert committee of the World HealtHiagnosis [11].

Organization proposed working guidelines that included

the establishment of a surveillance system for dengudemagglutination-inhibition test (HI)

and DHF/DSS [4,8]. These guidelines rely on the

precise and early diagnosis of dengue activity and For many years, the HI was the standard method
reporting such activity to the public health authoritiesused in dengue virus diagnosis due to its high degree of
Thus, a rapid and accurate dengue diagnosis is eénsitivity and relatively easy execution. Dengue-
paramount importance for effective control of denguespecific antibodies are detected for many years (48
outbreaks [8]. years or more), being of great value for

Since dengue is a disease whose accurateroepidemiological studies and to differentiate primary
diagnosis is difficult when based solely on clinicalfrom secondary infections. In primary infections, acute
grounds, this article reviews the old and newphase antibodies are detected from the fifth or sixth
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day of symptoms, usually when antibody titers are abowdisadvantages of this method are its high cost, the long
1:10. The antibody titers of convalescent phase samplésne necessary to perform it, and the associated
are usually below 1:640 in primary infections. On thetechnical difficulties [11].

other hand, in secondary or tertiary infections dengue-

specific antibodies are readily detected, and there isEBnzyme-linked immunosorbent assays (ELISAS)
rapid increase of the titer during the first days of the

infection, usually to a titer higher than 5:120 . Thus, a Up till now, ELISA has been considered the most
titer of 1:1,280 or higher in samples collected duringuseful test for dengue diagnosis, due to its high
the acute phase or at the beginning of the convalescesgnsitivity and the ease of use. ELISA has been used
phase of the disease is an indication of a dengue detect acute phase (IgM) and convalescent phase
secondary infection. The high levels of antibodies remai(igG) antibodies, as well as for the detection of
constant for two to three months in some patients wheamtigens (Ag). Since it is easy to perform and there is
the titer of antibodies begins to fall. The mainno need for sophisticated equipment, ELISA has
disadvantages of the HI test are its lack of specificitypecome the most widely used serological method for
the need for paired samples, and the inability to identifglengue diagnosis. Also, due to its sensitivity for the

the infecting virus serotype [12]. detection of acute phase antibodies there is no need
for convalescence samples [11-16] since anti-dengue
Complement fixation test (CF) IgM antibodies appear within five days of the the first

clinical symptoms. The IgM production varies

The CF is usually not used for routine dengueconsiderably among the patients. Some patients will
diagnosis, since itis fairly difficulty to perform, requiring have IgM detectable by thé?20 the 4 day after
highly qualified and trained personnel to achieve goothe beginning of the symptoms, while others do not
results. The test is based on the principle that théevelop detectable IgM until th& 8ay after disease
complenent will be consumed during the antigen-onset [12]. The IgM antibody titers in primary
antibody reaction. The antibodies detected for Chnfections are significantly higher than in secondary
generally appear later than HI antibodies and thenfections, although the detection of titers of 1:320 in
persist for short periods, being of limited value forsome cases is not uncommon [12]. The IgM
seroepidemiological studies. They are very specifiproduction is much lower and transitory in secondary
in the primary infections, contributing to the and tertiary infections [17]. A small percentage of
determination of the infecting serotype, aspatients have secondary infection with no IgM
demonstrated by the monotypic responses observeahtibodies detected [17].

in primary infections [12]. MAC-ELISA has been found to be much less
sensitive than the HI test in paired serum samples
Neutralization test (NT) collected during acute phase of the disease [12].

The specificity of MAC-ELISA is similar to that of

The NT is the most sensitive and specific serologicaHl in primary infections, as well as in secondary
test for dengue virus diagnosis, and it is detected foriafections, when a monotypic response can be
long period of time. Due to its high specificity, NT can observed, but in general the response is cross-
be used to identify the infecting serotype in primaryreactive to all dengue serotypes and to other
dengue infections, since a relatively monotypic respongdtaviviruses, such as those of Japanese encephalitis,
iIs observed in the patients’ serum during theSt. Louis encephalitis and yellow fever viruses [12].
convalescent phase. In secondary and tertiarin dengue infections, the IgM monotypic response
infections, the determination of the infecting serotypes not correlated with the serotype isolated from
by NT is not always reliable. The greatestpatients, and for this reason, MAC-ELISA cannot
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be used for viral identification [12]. There are Intracerebral inoculation

several commercial kits available for dengue

diagnosis by IgM-capture, including those made Although all the four serotypes were initially isolated

by well-known research institutes, such as théy intracerebral inoculation of suckling mice [34-36],

Oswaldo Cruz and Pedro Khouri Institutes. this technique has several disadvantages, including high
MAC-ELISA has been a valuable tool for the cost, long time for isolation, and low sensitivity. These

surveillance of dengue and DHF/DSS. Duringproblems have prevented further recommendation of

epidemics, MAC-ELISA has the advantage of fasthis methodology for viral isolation.

detection of the propagation of transmission. In areas

where dengue is endemic, MAC-ELISA can be usedlammalian cell culture

as avaluable tool in the evaluation of a great number of

clinical samples, with relative ease. Mammalian cell culture presents the same
lgG-ELISA has been developed and is comparabldisadvantages as intracerebral inoculation. In order to

to the HI test in the sense that it can be used for tHee isolated with this system, the viruses frequently

differentiation of primary and secondary infections byrequire multiple passages before inducing cytophatic

dengue [18]. The testis simple and easy to do, andeffects in the infected cells. Although many laboratories

can be used in the analysis of a great number of sampleésve used this method, its use is not currently

IgG-ELISA is not very specific, cross-reacting with recommended for routine dengue virus isolation [11].

other flaviviruses, and it is not useful for dengue serotype

identification. However, this technique is as highlyMosquito inoculation

sensitive as the HI test [4], and it might be useful in

seroepidemiological studies. Mosquito inoculation is the most sensitive but the
Several other ELISAs for the detection of totalleast used method for dengue virus isolation [37]. Four

immunoglobulin of flavivirus have been described andnosquito species have been ugegties aegypti, A.

used in seroepidemiological studies and in serologialbopictus, Toxorhynchities amboinensisd T.

diagnoses [14,18-25]. splendendViosquitoes of both sexes are susceptible.
Several serological assays have been developd&aengue virus generally replicates to high titer§ {40

to detect anti-dengue virus antibodies, taking intd 0’ MID _ ) in as little as four to five days, depending

consideration the time necessary to diagnosigyn the incubation temperature. The detection is made

simplicity and specificity of each of them [10,26- through an indirectimmunofluorescence assay (IFA)

31]. Hemolysis in gel [33,34], the hemoadsorptionof mosquito tissues, usually done on the brain or

immunosorbent technique [29] and thesalivary glands. The disadvantages are the hard work

staphylococcal agglutination-inhibition reaction required, the need for insectaries to produce large

[28,29] are examples of techniques used in a fewmumbers of mosquitoes for inoculation, and the

laboratories [10], but none of them have beensolation precautions taken to avoid the release of

regularly used in virology labs. infected mosquitoes [38,39].

Viral Isolation Mosquito cell culture

Four methods of viral isolation have been routinely  Mosquito cell culture is the most recent methodology
used for dengue viruses: intracerebral inoculation ofieveloped for dengue virus isolation [40-42]. Three
newborn mice, inoculation on mammalian cell culturescell lines of comparable sensitivity are frequently used
intrathoracic inoculation of adult mosquitoes, and43], but the most widely used is the C6/36 clone of
inoculation on mosquito cell cultures [10,11]. A. albopictusells [41]. The use of this cell lineage
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has provided a rapid, sensitive and economical methadral identification in clinical samples [47]. RNA-RNA

for dengue virus isolation. Dengue antigens can bhybridization is a sensitive technique that can be applied

detected in infected cell culture by IFA. This techniqueeither directly on fresh samples or on retrospective

is less sensitive than the intrathoracic inoculation oanalyses of fixed samples [48]. Due to the difficulties

adult mosquitoes, but due to its ability to process severai working with RNA, as experienced technicians are

samples at the same time, it has become the standaedjuired to obtain reproducible results, this method has

technique for dengue virus isolation [40]. been more often used as a research tool than a routine
Compared to the other techniques, the advantagesagnostic method [49,50].

of the mosquito cells are: 1) higher sensitivity than the

vertebrate cell lines for the recovery of dengue viruseReverse transcription - Polymerase Chain Reaction

[44], 2) they are relatively easy to maintain and grow(RT-PCR)

at room temperature [42-45], and 3) it is possible to

maintain cultures for up to 14 days without changing RT-PCR has been developed for the diagnosis of

the medium [10]. several diseases, and during the last years it has been
Although some reports describe a cytopathic effeatevolutionizing the laboratorial diagnosis of infectious

(syncytium formation, presence of multinucleated giantliseases. This method is rapid, sensitive, simple, and if

cells) induced by all four serotypes of dengue virusgorrectly standardized, it can be used for genome

the cytophatic effect produced in mosquito cell culturedetection in human clinical samples, biopsies, autopsy

by many dengue viruses is difficult to detect, and it catissues or mosquitoes [52].

be variable [42]. The cytophatic effect is usually seen A number of RT-PCR procedures that detect and

when these cells are cultured in tubes. identify dengue serotypes in clinical specimens have
been reported [51-57]. These PCR methods vary
Molecular Detection somewhat in terms of the amplified gene regions of the

genome, in the ways they detect RT-PCR products,
In recent years, several new diagnostic techniquesnd the virus typing methods.

have been developed and have proven very useful in According to the World Health Organization
dengue diagnosis. These methods may assume @WHO), PCR is a powerful method to be used for
important role in dengue diagnosis, since they are abtdengue diagnosis, but it still needs to be better
to readily detect the dengue viruses during the acuttandardized. Aiming at the improvement of the
phase of the disease, and sometimes during theolecular diagnosis of dengue, we have compared three
convalescence phase. The various methods aveell-established methods of RNA extraction from

discussed below. serum of patients with clinical symptoms of dengue.
These methods were based on the QlAarupal
Nucleic acid hybridization RNA kit, the Chomczynski-Sacchi technique and

TRIzolO. The data acquired in this study indicated that

Nucleic acid hybridization, using RNA extracted the best method of RNA extraction from clinical samples
from either dengue virus-infected cell cultureto be used for dengue diagnosis by RT-PCR is the
supernatants or pools of infectéd albopictus  QlAampd Viral RNA kit [58].
hybridized either with biotinylated probes [46F#- In another study, we evaluated the detection of dengue
labelled probes, is used primarily in epidemiologicalvirus by RT-PCR in blood, serum, and buffy-coats of 75
studies. It can also be used for viral diagnosis in tissudgM-positive serum samples. Out of the 75 samples, 17
obtained in autopsies. The detection method usingere positive for dengue using RT-PCR, and among these
biotinylated probes is less sensitive than that usingamples, 3 were positive in the blood, 14 positive in the
radiolabelled probes, and it has not been used for dires¢rum and 8 positive in the buffy-coat. These results
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indicated that serum is the best clinical sample for RT% virus has been circulating at a low incidence rate.
PCR amplification of dengue genomes [59]. Viral detection by RT-PCR was evaluated using the
Due to the low detection rate of dengue virus bysera of patients with clinical diagnosis of dengue, and
IFA on C6/36-infected cells when IgM-positive the results were compared to those obtained by IgM-
samples are used, we decided to test the performancapture enzyme-linked immunosorbent assay and virus
of this cell culture to detect dengue virus in associatiorsolation with the same samples. Our results
with RT-PCR, aiming at increasing the sensitivity of viraldemonstrated that RT-PCR is far more sensitive than
detection. We compared the efficiency of RT-PCR andirus isolation for clinical samples, allowing for rapid
IFA for dengue-1 virus detection after inoculation ofdetection of dengue infections [57].
C6/36 cells with samples obtained during the A great problem for dengue diagnosis has been the
convalescence period of dengue infection. Out of 7&tiological confirmation of fatal cases. Frequently, only
IgM-positive samples inoculated into C6/36 cells, twoa single serum sample is obtained, and the serological
were positive by IFA, while 17 were positive by RT- testis of limited value in these situations. In these cases,
PCR. We also investigated the time necessary for virélis now possible to detect antigens in a great variety
detection by both methods, using a fixed dose of1x1®f fixed samples with the new immunohistochemical
virus particles/mL. RT-PCR and IFA detected denguenethods [61,62]. Although immunofluorescence tests
virus one day and four days after virus inoculationhave been used in the past, new methodologies
respectively [60]. Taken together, these results highligitonsisting of monoclonal or polyclonal antibodies
the importance of PCR for the detection of dengudabeled with peroxidase/ alkaline-phosphatase enzymes
viruses after sample inoculation in C6/36 cells. have improved the diagnosis of fatal cases based on
The results of several studies suggest that RT-PCHked or fresh autopsy tissues [38].
depends on the region of the genome that is chosen to Another important characteristic of PCR is its
be amplified and on the primers used to achieve thiability to identify the dengue serotype responsible for
goal. RT-PCR can be type-specific in terms of denguthe ongoing disease. RT-PCR and restriction enzyme
virus detection, and the detection threshold is usuallgigestion of amplified DNAs have been used in
less than 100 PFUs for all the serotypes. combination, aiming at the development of a fast and
Lanciotti et al. developed a RT-PCR test usingsimple virus identification method [63-65]. We
consensual primers, designed to amplify the C and prideveloped a nested-PCR, which was followed by
genes of dengue viruses. Their PCR was used to amplifgstriction enzyme digestion of the amplicons, to
a 511bp fragment through a protocol consisting of @ifferentiate dengue-1 from dengue-2, since at the
conventional RT-PCR, followed by a nested-PCR, usingime of that study these two serotypes were the most
specific primers for each dengue virus serotype [51]. prevalent ones in Brazil. The samples were submitted
In Brazil, Figueiredo et al. developed a RT-PCRto a nested-PCR amplification, and the amplicons
for identification of Brazilian flaviviruses. The genomeswere digested wittKpn I. These results were
of 13 Brazilian flaviviruses, except Bussuquara viruscompared to virus isolation in C6/36 cells and to those
were amplified by RT-PCR, using universal primers.obtained by conventional PCR. The use of nested-
Analysis of the RT-PCR products gave reproducibld®’CR yielded a three to four-fold increase in the
results and three distinct amplicon patterns wereéetection rate of dengue virus. All of the amplicons
observed, allowing for correct identification of denguedigested byKpn | identified dengue-1 virus as the
viruses, as well as the other flaviviruses [56]. infecting strain. These results indicated that nested-
Since the WHO still considers PCR an experimentadPCR provides a high yield of dengue genome
technique for dengue diagnosis, we conducted amplification, even in the presence of IgM antibodies,
validation study of PCR-based diagnosis with clinicaland that restriction enzyme digestion rapidly defines
samples collected in a region of Brazil where denguethe circulating serotype [65].

www.bjid.com.br



396 Dengue Diagnosis BJID 2004; 8 (December)

In addition to specific amplification and restriction RT-PCR is definitely the most satisfactory test that
enzyme analyses, other studies have demonstrated thah be used on these infections, since it has been
nucleotide sequencing of gene fragments amplified bghown to be able to detect dengue viruses up to
RT-PCR can be used as a fast method of genettbe 10" day after the onset of the symptoms, and
classification of dengue virus serotypes [52,66,67]. it is the technique that will provide the physician

with the most useful body of information about the
Conclusion infection.
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