CHAPTER III
LITERATURE REVIEW
I. Dengue Virus _ ‘.’,//
1. Dengue Virus ~= SO 4/’
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¢ dengue virus are lon ‘genus Flavivirus of the

Flaviviridae family, and their mai serotypes of dengue virus

(designated DEN-1, DEN-2, ished by serological
methods, plaque reduction neuw@li St _v | ction in human by one
same serotype, but only
temporary and partial protectio i st 4 ¢ 's‘ (8). Similar to other

Flaviviruses, dengue virus genom ist'of a single d, positive-sense RNA of
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virion genome is surroun?ﬂ by an icosahedral nuclec

about 50 nm in diameter (14, 22, 49, 74). The Virus genong is composed of three

structural protein genes, encoding nucleocapsid gor core protein (C), a membrane-

associated protein u&lg M (CV)] ﬁdw]&nﬁlﬂ@m (NS) protein
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genes. The order of proteins encodes is 5’(I-prM (M)-EzNS1-NS2A-NS2B;NS3-NS4A -
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virion, whereas the non-structural proteins play various roles in virus replication and

polypeptide processing (14) (Table 1). The individual virus proteins are cleaved after

translation of entire polyprotein, which occurs at the rough endoplasmic reticulum (ER).
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Cell-associated virions within identical to extracellular

particles. The C protein intera rion nucleocapsnd The prtM

(precursor of M) glycoprotein imer, stabilizing the E
polypeptide during exocytosis. or¢ virus release from the
cell, leaving a small M structufal protgin anch 0T d in th ir elop, and releasing the
larger ‘pr, segment into the extracel lar,nﬁa{ e 1l olycoprotein contains antigenic
determinants for hemagglutination '@ﬁm ation.  Antibodies directed at E

adent enhancement (ADE) of

infection in the pathogenesis of dengue I thagic | fever. T & in is also involved in

attachment to cells and memb ajor faﬁ:r in virus virulence (4,

ﬂ‘UEJ’JWEJ"ﬂ‘ﬁ‘WEﬂﬂ‘i
mhe b ERIETT DI Y Y T

that was found around the world, usually between latitudes 35°N and 35°S, approximately

7,10, 48)

corresponding to a winter isotherm of 10°C. Aedes aegypti has been found as far north as
45°N, such invasion has occurred during the warm season, and the mosquitoes have not

survived the winters. Distribution of Aedes aegypti is also limited by altitude.
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It is usually found above 1000 m but has been reported at 2121 m in India, at 2200 m in
Columbia, where the mean annual temperature is 17°C. Aedes aegypti is one of the most
efficient mosquito vectors for arboviruses, because it is highly anthropophilic and thrives
in close proximity to humans and often lives indoor. Aedes aegypti breeds in artificial
containers with clean water in and around human habitations and bites principally during
the daytime. This species became highlx\.! ,/> iving in intimate association with
humans and highly efficient epidem‘@‘ u & Secondary vectors include
— —

Aedes albopictus, Aedes polymWnd ,- a@f the Aedes scutellaris

complex. These secondary vec

as maintenance vectors. Den
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3. Transmission of dengue

Dengue virus re trahsfiiitted to huma:ﬂﬂ'uough the bite of infected Aedes
mosquitoes, principz@‘ i&ﬂegm& mlj)owigsﬂgﬁrest indoors and
prefer to feed on humans during daylight Hours. There afe two peaks of biting activity,
early momin’%oﬁt:l axéli] fm lll m&%mﬂ&a ﬂrs before
dark. However, these mosquitoes will feed all day indoor and overcast days (8, 49). In
infection mosquitoes, dengue viruses multiply in the midgut epithelium, brain, fat body,
and salivary glands. No detectable pathologic changes result from infection, and

mosquitoes remain infectious for life. Dengue virus replicates in the female mosquito
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genital tract and may enter the ovum at the time of fertilization, thereby infecting a portion
of her progeny (7). Infected female mosquitoes may also pass the virus to the next
generation of mosquitoes by transovarian transmission, but this occurs infrequently and
probably does not contribute significantly to human transmission. Sexual transmission
may be occurs from male Aedes with inherited infections to susceptible females, which
t’ I'hie female mosquitoes are very nervous

@ement, only to return to the

— e —

same or a different person to conti ing‘_*lo : + Because of this behavior,

Aedes aegypti females will OW ‘ Wsingle blood meal and,

may subsequently pass the virus to their pn
Q
feeders, disrupting the feeding process at

if infective, may transmit den ons hort time, even if they

virus undergoes an incubation period 0f 3-to 14 days (average, 4 to 7 days), after which
_..:k‘i"ﬂ'l;:"-‘l % .

SRt
the person may experience ﬁ:utc onset of fever accogx_m?

ariety of non-specific

signs and symptoms. virus circ infected humans at

approximately the time that E;‘Ly have cted mq:b'huitoes may acquire the

virus if they feed on individuah when he or she/is viremic. Those mosquitoes may

become infected an sy buﬂuﬁmmﬁ wc&l ﬂ:ﬁlﬁ persons, after an
e ARTAHE RN AInena

4. Epidemiology
Dengue viruses occur worldwide in tropical regions; their distribution is
determined by the presence of the principal mosquito vector. In tropical areas, the vector

is active year-round and dengue occurs throughout the year, with increased transmission
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during the rainy season. This is due to higher mean temperatures and attendant shorter
extrinsic incubation period in the vector (interval between feeding on infectious blood and
ability to transmit on refeeding) and to higher humidity and enhanced survival of adult
mosquitoes. Temperate areas within the range of Aedes aegypti are susceptible to
summertime introduction and spread of the virus. In areas having year-round vector

activity and large human populations, oner-Q\ l“f/ggue virus types may be maintains
i‘\‘l' - r

endemically. Vector density and%t posure to infected female

mosquito vectors are important W of rate o@ls transmission.
Epidemic of an illnew daQ\l‘heqas first reported in the
N

nd World War Southeast Asia

medical literature in 1779 an
otypes and endemic activity
increased. The disease was first ized'i Bhiilippines in.1953. The syndrome was
etiologically related to dengue Vil when es a}xd 4 were isolated from

patients in the Philippines in 1956; o ot dengl ses of multiple types were

isolated from patients during an epider'_iiicn:er !
= A2

A
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decades, DHF/DSS was regogriized in Cambodia,

ailand. During the next three

-

igj Indonesia, The Lao

gapore, Sri Lanka,

’ sequenﬁl}ncontrolled growth of
cities, epidemic DHF eme ed’asa majo; ublic thealth problem in most countries of
Southeast Asia m@“ﬁﬂkﬂm%m &1@ m‘EWOs, DHF/DSS
progressively increased (éreadin from its’ primary location in major cities to smaller

s an ks o Aot . il sl e e

patterns, with large outbreaks occurring at 2-3 year intervals. During this period, 1070207

People’s Democratic Republic, Mala

Vietnam, and several Paciﬁglslah&__gm‘ :

cases and 42808 deaths were reported mostly in children. During most of the 1980s, in
the endemic countries of China, Indonesia, Malaysia, Myanmar, Philippines, Thailand,

and Vietnam, DHF/DSS spread principally, affecting even rural villages. Exceptionally
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large outbreaks occurred in Vietnam (354577 cases in 1987) and Thailand (174285 cases
in 1987). In many countries, DF and DHF are primarily diseases of children, since they
represent the largest segment of susceptible individuals within the population at risk.
Increasingly, DF, and occasionally DHF, is also seen among travelers. The disease is
among the ten leading causes of hospitalization and death in children in at least eight

tropical Asian country (5). Interrnltte w#z; of dengue has occurred in

Queensland, Australia, outbreaks of%‘é ¢ Seychelles Island, Coastal

Kenya, Saudi Arabia, and Ye@ epi mnci@ed originally by virus
introduction from Asia, but ow| et ‘Qs\mqbe\Hom of Africa. The
ama ’Nn‘od following World

worldwide incidence of dengu

quency of epidemics has
increased dramatically and multiple “‘";',“_‘ have been introduced. In 1981 an
outbreak of DHF/DSS occurred in Cubaﬁmn ‘

a.-v '/ "“ . j.; -
Americas. In the past, the Egntment of South Kmenca W i vad by Aedes aegypti,

with the result that I gue ou K. & unologically naive

over SQﬂof children experience

infection with one or [-:ore délﬁ o ‘age 7. In these areas, dengue is a
childhood disease, i Lﬁ m‘i wr&ll:l]ﬂ i
In Thailand outbreaks first occurred in Bangkok in.a pattern with @.2-year cycle

oen sty A it bl b DIE

then became endemlc in many large cities of Thailand, eventually spreading to smaller

populations. In hyperendemgareas 0

towns and villages during periods of epidemic transmission. ~Two important
epidemiological patterns have been recognized. First, DHF/DSS has appeared most

frequently in areas where multiple dengue serotypes are endemic. The usual pattern is that
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of sporadic cases or small outbreaks in urban areas that steadily increase in size until there
is an explosive outbreak that brings the disease to attention of public health authorities.
The disease then usually establishes a pattern of epidemic activity every 2-5 years. In
addition, DHF/DSS is typically confined to children, with a modal age at hospitalization

of 4-6 years. A second pattern is observed in areas of low endemicity. Multiple dengue

HW f infection (below 5% of the
population per year). In these art ious 4d adults are susceptible to
P

“— 9 -
dengue infection, and children Wdul witwage of 6-8 years, are also

vulnerable. A cyclical pattern of ansmi iding with the rainy season

serotypes may be transmitted at relativ\

has been observed in some co e interdctio s be mperature and rainfall
are important determinants of dénguc fr: jssion, as ,Aperatures affect adult
mosquito survival, thus influeaCing 'l _. " y ‘rates. rﬂiermore, rainfall and
temperature may affect patters o DSQUito 6 ing/and reproduction, and hence the
population density of vector mosqui ~: 51,52,53,54,55,56,57,58).

5. Pathogenesis

The pathogenesis o
about these, which are notun (CIUSIVE, are equen& cited to explain the

pathogenesis chang

A nens
e L TSV AN R e

differ in the number of cells infected; the greater the number of infected cells, the more
severe the disease. Heterotypic antibody circulating in blood at the onset of dengue
infection forms infectious virus-antibody complexes and enhance the efficiency of entry of

viruses into cells of mononuclear phagocyte lineage, the putative target cell system (59).
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The immune response to dengue infection plays an important role in determining the
outcome and severity of disease. The viremic period is terminated coincident with the
appearance of serum antibodies. In most patients, humoral and cellular responses result in
recovery from infection and long-lasting protection against reinfection with the

homologous serotype. Serotype-specific neutralizing antibodies directed against the E

£ \W ry_cytotoxic lymphocytes directed
argets cells are responsible for
protection and recovery. Cro?ag?t O@Grotypes is short-lived,

protein and serotype-specific CD4+ and

against structural and nonstructura

and in a subset of individua ion with a heterologous

serotype, a severe immunopa: ic fever) occurs and is

w*

have a significantly higher risk for devéioping E
/N ﬁ
faﬁ forms anti , n-antibody complex,

,‘__‘" ey
ot e

dengue antibody recognizes the infecting virus

membrane of leukocytes, espgiall);_macr phages. Because the ﬁtibody is heterologous,
through, the virus is no neutralizedand is free to r%wcatc inside the macrophage (54, 55,
, thro

60). Thus, it is hyp 3 Mﬂa&mﬂm ﬂﬂ%@ l;wn as antibody-
dependent enhancement (ADE), enhances the infection anduwreplication of dengue virus in

s o th b i) U el b ke e
vasoactive mediators in response to dengue infection, which cause increased vascular

permeability leading to hypovolemia and shocks (4, 10, 11, 14, 61).
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2) Specific viral serotype

In recent years, a more prominent role of viral factors in the pathogenesis of DHF
are suggesting that virus strain and serotype are also important risk factors for severe
disease. Dengue hemorrhagic fever or dengue shock syndrome only occurs in a relatively
small proportion of patients with secondary infections. Despite the co-circulation of
” il the 1981 epidemic in Cuba that
ev&ed with the introduction of a

- —

several dengue serotypes in the Americ.
the first DHF cases occurred in the r¢
L Subsequent epidemics

with DHF in South America a with the occurrenige of South Asian dengue

3) Nutritional sta

The previous study b)msa T. an . showed ere are relationship
between nutritional “clinical manif&staM of dengue infection. They had
suggested that paﬁenmcﬁdﬂzixnﬁlm ilﬂ(ﬁpared with other
infection disease ealthy children. BeSides they confirmed that patiénts with DHF
mnotusuﬂﬁnﬁﬁséﬁzﬂ i m NVI ’] q Vl El ’1 a EI
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6. Clinical manifestation

Dengue infection characteristically results in fever, headache, and rash. The
clinical spectrum can vary, however, from asymptomatic to more severe infections with
bleeding and shock. They can be classified into four presentations: non-specific febrile

illness, classical dengue, dengue hemorrhagic fever, and dengue hemorrhagic fever with

dengue shock syndrome. Asymptomatlc“ | dengue is more commonly seen

among older children, adolescents rupt in onset, typically with
_J

high fever accompanied by sever he - inca; ng myalgias and arthralgias,

nausea and vomiting, and rash.

¢ found in over one-third
of patients with DF. Clinical 0 - , ‘to distinguish DF from
other febrile illness such as fec%m of any of the four

children, with symptoms of a viral S}:I:dl?ﬂl_ﬁﬂl ,r, -;?5'-:

risk factors influencing ;h:g proportion of patxemsm g‘évere disease during

epidemic transmission inch cting virus and the

immune status, age, and geneti bacl;groun 0

Classical den ﬁ eg and adults. It is
characterized by thEle ﬁ Wﬂﬁn ﬁrﬁ;} ec1ﬁc signs and
symptoms, ﬁzilj' ﬁ' usea and
vomiting, JOEE ﬁﬁﬁ:@:ﬁd iﬁaﬁﬂ\ﬂ gllﬁ Elred taste

sensation, and have a mild sore throat. Hemorrhagic manifestations in dengue fever
patients are not uncommon and range from mild to severe. Skin hemorrhages, including
petechiae and purpura, are the most common, along with gum bleeding, epistaxis,

menorrhagia, and gastrointestinal hemorrhage. Clinical laboratory findings associated
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with dengue fever include a neutropenia followed by a lymphocytosis, often marked by
elevated; the elevation is usually mild. Thrombocytopenia is also common is dengue
fever. Dengue fever is generally self-limiting and is rarely fatal. The acute phase of
illness lasts for 3 to 7 days, but the convalescent phase may be prolonged for weeks and
may be associated with weakness and depression, especially in adults. No permanent

sequelae are known to be associated with\

Dengue hemorrhagic fever is pri N ar a[x&f children under 15 years in
ute »@ess with minor or major
-

hyperendemic areas. DHF is Wan ‘
D¢fand évidence leakage documented by

hemoconcentration, pleural or : ia, or hypoproteinemia.
The major pathophysiological g \}b.ﬁ&of disease in DHF and
differentiates it from DF is thg'le udation due to excessive

o ity ) _l‘-"' =
_..r_'_,..r:;.r"'. '_'it- 1.'5.‘1 'ﬁ‘

at the time of defervescenge, which is an lﬂﬁcm?rﬁed observation. A
progressively decreasingt.@mlet count and ris: perit indicate increased

Cria for DHﬂT_ire fulfilled, intravenous
fluids may be all that i requii‘f:sﬁor treatment. Dengue shock syndrome is defined as
o i s oL ) S ATL L) Fde e ot
hypotension or frank shock. The four wdning si fersimpending shotk are intense,
sustained a@‘ﬂﬂ:ﬁ MMtﬂ ﬁzlgsm uMa sudden

change from fever to hypothermia with sweating and prostration. Early diagnosis and

probability of impending shd!sl. Vﬁlen :

aggressive fluid replacement therapy with good nursing care can decrease fatality rate (1,

5,13, 14,47, 59, 63, 64, 65).
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7. Laboratory diagnosis (5)

A definitive diagnosis of dengue infection depends on isolating the virus, viral
antigen detection, viral nucleic acid detection, and specific antibody detection from
patient’s specimen, often be serum. Acute-phase blood sample is a choice for diagnosis

of dengue infection. So, blood sample should be taken in during onset of suspected

"W nt-phase sample 2-3 weeks later,
ke &mple before discharged from
#

dengue illness and ideally, should be takq\

however, it is often difficult, but s

hospital.

Routinely serologic tes infec hemagglutination-
inhibition (HI), immunoglobuli 1) cap ed immunosorbant assay

(MAC-ELISA), indirect immu ‘ lization test (NT)., and

et i
Hemagglutination-inhibition assay (Bim St frequently used; it is

sensitive, is easy to perfom, requires o

ly minir ont, and is very reliable if
persist for long perims, the test is ideal for

e HUA DN,
about titer of 10, yS i 1 nfection, “antibody titers in
antibody titer increase rapidly during t ays of i S by-imr amnestic

response, often reached to more than 5,210. Thus, a titer of > 1,280 in an acute-phase or

properly done. Because I-Bantibodies

ctectable levels,
e

early convalescent-phase serum sample is considered presumptive evidence of a current
dengue infection. The disadvantage of HI test is lack of specificity, unreliable for

identifying the infecting virus serotype.
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An indirect IgG-ELISA, this assay is comparable to HI test and can also be used
to differentiate primary and secondary dengue infection. The test is simple and easy to
perform for high-number testing. It’s very nonspecific and exhibits the same broad cross-
reactivity among Flavivirus as the HI test does. Therefore, it can not be used to identify
the infecting dengue virus serotype. However, it has a slightly higher sensitivity than HI

test. As more data are accumulated on thp ; is expected to replace the HI test

as the most commonly used IgG test e labo

tgs n used for routine dengue
d to requires highly trained

It is based on the

The complement ﬁxatlo

diagnostic serological testin
personnel, and therefore is
principle that complement is @ ] l -‘ ; til ‘&‘sel:action. CF antibodies
generally appear later HI antib
persist for short periods, althou ével of antibodics persists in some persons. The
CF test is uscful for patiens with eifent inféchions but is of limited value for

seroepidemiologic studies, where detecn@ persistent : intibodies is important.

_.-.-*__,".-r:__:r;" il

The neutrahzauon:&st is the most speglﬁc an@‘?f logic test for dengue

ej;wocol used in de
1, neutralizing-

viruses. The most co the serum dilution

antibody titers nig at about the same time
or slightly more slo Wa D%M quickly than CF
antibody titers and ﬁx at ;ﬁL m g iiﬁT more sensitive,
neutralizing Eﬁ t:ﬁd in some
persons w1thq:ﬁj:a§tﬁ i yﬁmﬁ;ﬂﬂ ’T ﬁg virus in

primary dengue infection. The major disadvantages are the expense, time required to

plaque reduction NT. In g

perform the test, and technical difficulty.
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MAC-ELISA has become the most widely used serologic test for dengue
diagnosis. It is a simple, rapid test that requires very little sophisticated equipment. Anti-
dengue IgM antibody develops a little faster than IgG antibody. By 5 days of illness, HI
subsequently confirmed most patients on pair serum samples or by virus isolation had

detectable IgM antibody in the acute phase serum in this assay. Nearly all patients (93%)
‘ et, and 99% of patients tested
%pemﬁmty of MAC-ELISA is

among both dengue virus
' ients with other flavivirus

itis, and yellow fever,

developed detectable IgM antibody 6 to\':
between 10 and 20 days had detec

—
and other flavivirus antigen.
infections such as Japanese
however, the response is generally _ > .‘ i)e some cross-reaction

with dengue antigens, most sp : ' w» i vely otypic IgM response to the

A

2) Viral isolation

By period of viremic .Qolatlon of denguc virus from chm specimens is
frequently possible. ii iﬁ collectlons of the
specimen early in m@iﬂ ﬁs%ﬁw M:ﬁlﬂ set of fever) and
proper han deliv iﬁl‘ e TherﬁJare different
methods (Tﬁﬁ)jnmﬂi ifﬁfj iﬁ %-I to local
availability of mosquito, cell culture and mice.

Newborn mice, intracerebral inoculation of 1 to 3 day old baby mice, although all

four dengue serotypes were initially isolated from human serum by using baby mice, this

method is very time-consuming, slow, and expensive. Moreover, because of the low
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sensitivity of the method, many wild type viruses cannot be isolated with baby mice.
Those that are isolated frequently require numerous passages to adapt the viruses to
growth in mice. This method is no longer recommended for isolation of dengue viruses,
but some laboratories continue to use it. One advantage of using baby mice, however, is

that other arboviruses that cause dengue-like illness may be isolated with this system.

Method dengue virus
Inoculation of mosquito d. sq by serotype-specific
(Adult or larvae) \
Inoculation of various Detegtion of a i :.'u. antibody staining

L:‘é rag lr _'_ r

Mammalian or insect . f : virus upon subpassage
e /) ‘

Cell culture ion of virus upon subpassage
Intracranial inoculation of 1 e brain detected by antibody staining
Sucking mice Symptoms o

Mammalian ﬂl ﬂnﬁs ‘lﬁvwﬁ mﬂ Was baby mice for

isolation of dengue vitises; they are expenswe slow, and insensitive. As with isolation
e QU A ATR TSN e
before a consiStent cytopathic effect can be observed in the infected cultures. Although
the use of this method continues in some laboratories, it is not recommended.

Mosquito inoculation is the most sensitive method for dengue virus isolation.
Isolation rates of up to 100% of serologically confirmed dengue infections are not

uncommon, and this is the only method sensitive enough for routine successful virologic
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conformation of fatal DHF and DSS cases. Moreover, there are many endemic dengue
virus strains that can be recovered only by this method. Four mosquito species have been
used for virus isolation, dedes aegypti, Aedes albopictus, Toxorhynchities amboinensis,
and Toxorhynchities splendens. Male and female mosquitoes are equally susceptible;

dengue viruses generally replication to high titer in as little as 4 to 5 days. Dengue virus

;/E ;Virus detection in the mosquito,
by irect fluorescent-antibody (DFA)

. The mosquito inoculation

replicate in most mosquito tissue, includi

regardless of the species, is gene

test on mosquito tissue, u

T —
sually b
technique has the disadvamﬁ

produce large numbers of

requiring an insectary to

precautions are maintained, abora i i ncreases, although this
risk can be eliminated by usi e nOsqui r nonbiting Toxorhynchities

species for inoculation.

albopictus cells. The usefof these cell lines b

| a_rapid, sensitive, and

on. Moreover, man)ﬂerum specimens can be
processed easily, maki the nethiod ideal for roufiric virologic surveillance. However,
this system is less :%jj ﬂn’]oﬁiilnnﬁow ﬂvgelﬂhﬁsensiﬁvity of the
mosquito cell lin vary with the strairf'of virus. DF&vor IFA tests cafidetect dengue

SRR

workers, however, prefer to use cytopathic effect to detect infection. However, this

economical method for dengg virus isolat

antigen in i

method alone will miss many dengue viruses that so not replicate rapidly in mosquito

cells.
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3) Viral antigen detection

This is a new method of immunohistochemistry, it is now possible to detect
dengue viral antigen in a variety of tissues. Although immunofluorescence tests were
used in the past, newer methods involving enzyme conjugates such as peroxidase and
phosphatase in conjugation with either polyclonal or monoclonal antibodies are greatly

improved. Because tissue can be fresh O\Q@VW should be performed in all cases

of suspected DHF with a fatal outco

4) Viral nucleic acid

In recent year, several t di veloped and has
proven very useful in diag l Reaction (PCR) and
hybridization probe |

PCR. Reverse transcrip ion (RT-PCR) has been
developed for a number of RN and has the potential to
revolutionize laboratory diagnosis; for provides a rapid serotype-specific
diagnosis. The assay is rpﬁki, sensmve s1mple and I¢ if properly controlled
and can be used to deteétdviral RNA in human ples, autopsy tissue, or

mosquitoes. Although RT—PH( has similar sensitivity to virus ﬂlatxon systems that use
C6/36 cell cultures, }i ﬁ‘ﬂ ce tibody usually do
not influence the o»ﬁﬂn ?m Ejﬁ fj imber 1f methods
involving p nt_ap iﬁs etec tﬁRT-P rodiets have been
developed o?;im aﬁﬁ]nﬁo ).] w Elﬂ]

Hybridization Probes. The hybridization probe method detects viral nucleic
acids with cloned hybridization probes. Probes with variable specificity ranging from
dengue complex to genotype specific can be constructed depending on the genome

sequences used. This method is rapid and relatively simple and can be used on human
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clinical samples as well as fixed autopsy tissues. Preliminary data suggest that this

method is less sensitive than RT-PCR.

8. Vaccine development

The World Health Organization designated the development of a tetravalent

dengue vaccine a priority for the mo: ‘W approach to dengue prevention.
Effective vaccination to prevent st § equire a tetravalent vaccine,
J

because epidemiologic studies ha

¢ iiotypic dengue antibody is
a risk factor for DHF. With accine has been made in
recent years. Promising candi A v tghuated va ‘ have been developed and
has been evaluated in phase 1 afid I 3 Al 1 _ A nonovalent, bivalent, trivalent,
and tetravalent formulations (70). A m i ation co ] act has been signed, and the
tetravalent vaccine fonnulatiovrvl is/currently undergoing repe: rhase I trials in the United

States. Current progress on the live atten accing has been recently reviewed.

In recent years, molecular tec
-c:"rjﬂ’l.::“l"“-'.l' -
.. - . . .- . = #.F""‘- \ % i o - -
Additional, inactivated wp’c&: virion vaccine, unit vaccine, vector

expression, recombinant live/vector systems, i 1o
naked DNA were developedﬂ vaccine strate gics. The last twoa)proached appear to be
the most promising. infectiouSclone of the D]!Nf-2 PDK-53 vaccine candidate virus
ezu uﬂt’e]. m ﬂm‘ lﬁrﬁﬂo’lm'u‘i chimeric viruses
by inserting the ésof DEN-1, DEN-3, and DEN-

e A A SRR

an effective, safe, and economical dengue vaccine will be available in the near future (5).

from Thailand has b
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I1. LightCycler System (23)
The LightCycler is an extremely fast thermocycler with online fluorescence
detection. It enables the user to monitor the amplification of the PCR product

simultaneously in real-time allowing the accurate quantification of target sequences. The

innovation function called melting curve analysis performed alter the PCR offers a
powerful system for genotyping,

sin #/ olymorphisms (SNP), and for
mutation detection. The nghtCychg\ @cal chamber where the air,

which is warmed by a heatmi.'y?CR ccu

ass caplllanes which can hold
up to a volume of 20 pl. This hi v ) volui s very rapid cycles. The
detection unit consists of a bl

detection channels which me i of at, i r&!&vave lengths (F1 = 530

melting point of a DNA fragment length and its G/C content.

The determination of the individual meTm. -,;? .r1 for a DNA fragment can be used
g 1 6 oy

to characterize the ampllﬁatmn products. wh (ﬁ‘es with data analysis

software, uses detection o rescence to monitor ion. Itis setup for3
formats, using the doublejtxanded bindinm dye SYBR Green 1,

hybridization probes, ﬁ 11 ofyapro

SYBR Gree &A,J m&ni M;J t:lﬂ ﬁthe minor groove
of the dsDNA 3 ng bmdm increases m fluoresceneéérover a hundred-folds. In the

A AELANE VAL, cane

and the nghtCycler instrument’s optical filter set matches the wavelengths of excitation

LightCycler

and emission, it is the reagent of choice when measuring total DNA. The principle is
outlined in the following. At the beginning of amplification, the reaction mixture contains

the denatured DNA, the primers, and the dye. The unbound dye molecules weakly
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fluorescence, producing a minimal background fluorescence signal, which is subtracted
during computer analysis. After annealing of the primers, a few dye molecules can bind to
the double strand. DNA binding results in a dramatic increase of the SYBR Green I
molecules to emit light upon excitation. During elongation, more dye molecules bind to

the newly synthesized DNA. If the reaction is monitored continuously, an increase in

fluorescence is viewed in real-time. Up n of the DNA for the next heating

cycle, the dye molecules are rele

measurement at the end of the Wﬁp

the increasing amount of ampli

e signal falls. Fluorescence
le is performed to monitor
f SYBR Green I is that it

binds to any dsDNA; the spcgi ; _ ecific acts and primer-dimers are

acquire fluorescence above the melhng .?_ the primer-dimers, but below the
_.--; ’/‘;"’""".}i R ﬁ‘

27,28, 51, 32, S P

melting temperature of the ‘gsoduct 05.27.28,

leotides that can bind

to the amplicon and are momﬁed to contain a fluorophore ar{'lluencher 3 to 30 bases

apart. During the mﬁ ﬁ tﬂ-probe will be aﬂr ol zed a double strand specific

nuclease activity as tlghjq'IEJ mm SFLjnuclease activity,

resulting in § ﬁ reporter from'c encher théfluorescence inérease. These
e
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Hybridization probes are used for DNA detection and quantification and provide

probes can b

a maximal specificity for product identification. In addition to the reaction components
used for conventional PCR, two specially designed, sequence specific oligonucleotides

labeled with fluorescent dyes are applied for this detection method. This allows highly
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specific detection of the amplification product. The three essential components for using
fluorescence-labeled oligonucleotides: two oligonucleotides and the amplification product.
The oligonucleotide 1 carries a fluoresein label at its 3’ end whereas oligonucleotide 2
carries another label (LC-Red 640) at its 5’end. The sequences of the two

oligonucleotides are selected such that they hybridize to the amplified DNA fragment in a

h other. The LightCycler

light at a slightly longer wave e in close proximity, the
emitted energy excites the bridization probe that
subsequently emits red fluore ane - velength. Thus energy
transfer referred to, as Fluo fid ‘ fer (FRET) is highly
dependent on the spacing betwee, ly if the molecules are in
close proximity (a distance betw ﬁgﬁm:l tides energy transferred at high
efficiency. The intensity of the llght eﬁﬁ&d:b ‘ htCycler-Red 640 is filtered and
measured by the nghtCycH msuugm{‘:;pacs : i?:-amount of measured

ongoing PCR process. Since LLC-Red 640 on a signal w@l both oligonucleotides

are hybridized, the fluorescenéesmeasurement isaperformed after the annealing step.
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705. In the Ligh ﬁcler LC-Red 640 are ménitored in chanmel F2, LC-Red@05 in channel
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