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Laborat ory D agnosi s

ABCRATCRY tests essential for

confirmatory di agnosis of dengue

infectioninclude (8 isdaiono the
virus, (b) denonstration of arisingtitre of
speci fi ¢ serumdengue anti bodi es, and
(0) dearstraionof aspecificvird atigena
RAinthe tissue o serun® 2. |sdation of
thevirus is the nost defintive agoroech, but
the techniques presently available require a
rdaively high level of technical skill and
equi pnent. Sero ogical tests are sinpler ad
nore rapid, but cross-reactions between
anti bodi es to dengue and other flaviviruses
nay gve fase positive resuts. Inaddition,
accurate idetification of the infecting dengue

virus serotype is not possible wth nost
serol ogi cal nethods. New t echnol ogi es
avail able for the | aboratory diagnosis of
dengue i nfection include i mmunohi st o-
chemistry on autopsy tissues and pol ynerase
cheinreaction (RR to detect vird RAInthe
tisste o serunf.

51 @l lectionof Seci nens

M essetid aspect of the ldboraay dagosis
of dengue i s proper collection, processing,
storage and shi pnent of speci nens. The types
of specinens and their storage and shi pnent
requi renents are presented in Tabl e 4.

Tabl e 4. Collecting and processing speci mens for
| aborat ory di agnosi s of dengue
S el sl Ll qf © Ot. St or age Shi prrent
Type col l ection retraction
Acut e phase 0-5 days after 2-6 hours, 4°CSerum- 70°C Dry ice
bl ood (S1) onset
Conval escent 14-21 days 2-24 hours, Serum — 20°C Frozen or
phase bl ood (S2+S3) after onset anbi ent anmbi ent
Ti ssue As soon as possible 70°C or in Dry ice or
after death formalin anmbi ent

Source: Qubler DJ, and Sather GE. 1988(2)
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@l | ect a speci nen as soon as possi bl e
after the onset of illness, hospital
admssionor atendanceat adinc(thsis
caledtheacute serum Sl).

Gol | ect a speci nen shortly before
dschergefromthehosptd o, intheevert
of afatality, at thetine of death
(conval escent serum ).

@l I ect athird speci nen, inthe event
hospi tal di scharge occurs wthin 1-2 days
o thesubsi dence of fever, 7-21days after
the acute serumwas drawn (|l ate
conval escent serum S3).

The optinal interval between the acute

(S) ad the convel escent (R o B) serumis
10 days. The above recommendations al | ow
for the collection of at |east two serum
sanpl es for conparison, and ideally wll
provide for an adequate interval between
sera Srdogca dagwoses are pred cated on
theidetificaion o changes inatibody levds
over tine. Serial (paired) specinens are
required to confirmor refute a dagnosi s of
acue flavivirus o dengue infection

The type of speci nens to be col | ected,
t he way t hey shoul d be processed for a
| aborat ory di agnosi s of dengue, andthe
infornationrequredare presentedinthis
chapter. Hfectivelaboratory support for
proacti ve OH CH-survei | | ance requi res
cl ose and frequent communi cation
between staff inthel aboratory and t hose
inthe epidendl ogy unit of the mnistry
of health It dsorequires, a anin nom
veekl y eval uati onof |aboratory resuts,
i ncl udi ng noni t ori ng t he geogr aphi ¢
| ocation of positive cases, the sero-
positivityrae thevirlsseraypesisd aed

and t he occurrence of severe and fatal
di sease. This infornation nust be
conmmuni cat ed on a weekl y basis tothe
epi denmhol ogy unit for di ssemnationto
aher officesinthemnistry of hed thad
for further action. Viéekl y | aborat ory
resutsaredearlythedrivingforcewi ch
det ermne t he response t o be t aken.

The above dat a obt ai ned froma proacti ve
survel | | ance systencanbe used ef fective y
if they are di sseminatedtothe proper
gover nnent and communi ty agenci es.
Thus, an ef f ecti ve conmuni -cati on or
reporti ngsystemsdsoacriticd conpoert
o thesurve llacesystem Theava | dility
of i nexpensi ve yet powerful desktop
conputers that are networked can
revd uion zesurve |l ancereporti ngsi nce,
wththetouchd abutton dl responsibe
per sons/ agenci es can be i nf orned of the
| at est dataneeded for deci si onnaki ng.
Sanpl es of suitabl e request and reporting
forng for arbovi rus | aborat ory exannnat i on
are providedinAnnex |1. Bloodis
preferady cd lectedintubes or vid' s, but
filter paper nay beuwsedif thisistheoly
option. Hlter-paper sanpl es cannot be
wedfor virusisd aion

Boodcadlectionintubesor via s

Psepticalycdlect 210nh of venous b ood
Use adhesi ve t ape narked wi t h penci |,
indelibleink, or atypewittenself-
adhesi vel abel toidentifythecontainer.
The nane of the patient, identification
nunber and dat e of col | ecti on nust be
ind catedonthel abd .
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e ke vacuumtubes or vial s with screw Driedfilter-paper di scs nay be sent
cas, if possibl e FAxthecapwth adhesi ve throughthe nail .
tape, wax or other sealingnaterial to ne of the recomrmended net hods for
prevent | eakage duringtransport. e uting the blood fromfil ter-paper d scs ad
e Shipspecinenstothelaboratory onwet pepring it for the H o IgVad IgGtestsis
i ce (blood) or dryice (serun) as soon as s fdloms:
possi bl e. Do not freeze whol e bl ood, as e Huethed sca roomtenperaturefor 60
haenol ysi s nay i nterfere wth serol ogy mnutes or at 4°Covernight, in1nh of
test readts kaoininboratesaine (125glitre), pH
e |If therewl!l benorethana24-hour del ay 9.0 inatest-tue
bef or e speci nens can be submttedtothe e After elution, keepthe tube at room
| aboratory, the serumshoul d be separat ed tenperature for 20 minutes, shaking
fromheredbd oodcel | s and stored frozen. pricdcdly.
e (ntrifugefor 30 mnutes at 600g.
H ood col | ectiononfilter paper e For H tests using goose erythrocytes,
_ ) o w thout renovi ngthe kadl i n, add 0.05 nh
e Wthapexil, Wltetkepalqt sintids of 50%suspensi on of goose cel | s tothe
or nunioer o_nt\/\oor threefilter-paper tube, shekevithot disturbingthepd I e,
dscsgrstrlpsofstalmrdzedabsorbeﬁ and i ncubat e at 37°Cfor 30 ninut es.
e . - _ e Add1ln of boratesaine pH9.0, tothe
e (lect sufficient finger-tiphbl ood (or
: _ i tue
verusbloodmasynnge)onthefllter e (entrifuge at 600g for 10 ninutes and
papertof.ullysamurateltthr_ag]tothe decant the super et art.
reverseside. Nost standardfilter-paper o piqicoyivalert toal Dserumd | i on
dscsa stripswll d?sabo.lm_dserun e FEachlaboratory nust standardizethe
° Ala/_vthedscsor strlpstodylr?aplace fil ter-peper tedhi cue aggi st resd tsvith
thet isprotectedfromd rect sulight and venaus bl ood froma pandl of i ndi vi dudl s,
i nsects. Preferably, the bl ood- soaked
paper s shoul d be pl aced i n a stand vhi ch
dlosagraiond bathsides. For unusud ly .
thi ck papers, a drying chanber nay be 52 Isolationof Dengue M rus
wefu, eg dessicaar jar, ar-codtioed Isdaionad nast strains of dengue virus from
room or warmair i ncubat or. clinica specinens can be acconplished in a
e Racethedriedstripsinp astic bags ad naj ority of cases provided the sanple i's taken

stap ethemtothel aborat ory exannnati on
request form Sorewthout refrigerati on

inthefirst fewdays of illness and processed
wthout delay. Specinens thet nay be sutab e

*  Wat nan No. 3filter-paper discs 12.7 nm(1/ 2inch) i ndianeter are suitabl e for this purpose, or Nobuto Type 1
bl ood- sanpl i ng paper nade by Toyo Roshi Kai sha Ltd., Tokyo, Japan.
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for virus isdationincude acute phese serum
pl asna or vashed buffy coat fromthe petient,
autopsy tissues fromfatal cases, especidly
liver, spleen, |ynph nodes and thynus, and
nosqui toes cd lected in nature.

For short periods of storage (up to 48
hours), speciners to be used far virus isddion
can be kept at +4 to +8°C For | onger
storage, the serumshoul d be separated and
frozen at -70°G and naintai ned at such so
that thawng does nat occur. If isdation from
| eucocytes is to be attenpted, heparini zed
bl ood sanpl es shoul d be delivered to the
[aboratory wthin a few hours. Wenever
possibe oigrna naterid (viraenic serumar
infected nasquito pod s) as vl | as laboratory-
passaged naterial s shoul d be preserved for
fuue study.

Ti ssues and pool ed nosqui toes are
tritwated or sonicated prior toinocu aion.
The different nethods of inocu aion and the
net hods of confirming the presence of
dengue virus are shon in Tablle 5@

The choice of nethods for isdation and
idertification of dengue virus wll depend on

Tabl e 5.

locd aaldility o nosguitces, odl adtue ad
laboratary cgoahility. Inocd ation of serumor
plasna into nesquitoes is the nost sensitive
nethod of virus isdation, but nesquito cel
cutueis the nost cost-effective nethod for
ratirevirdogc suvellace It isessatid fa
heal th workers interested in naking a
dagosis by neans of virus isdationto nake
contact wth the appropriate virol ogy
laboraay priar tothe cdlection o sped nars.
The acquisition, storage and shipnert of the
sanpl es can then be organi zed to have the
best chance of successfu isd ation

Inorder toidetify the dfferent dengue
Virus serotypes, nosquito head squashes and
slides of infected cel cutures are exanned
by indirect immwnofl ourescence using
ser ot ype-speci fi ¢ nonocl onal ant i bodi es.

53 Sxdogca Testsfor the

D agnosi s of DF DH-
FHve besic serdogc tests are routindy used
for the diagnosis of dengue infection®®
heenagd utinetion-inhibition (H), conpl enent

Dengue virus isol ati on nethods

Recommended net hods

Confirmation of dengue virus infection

I nocul ati on of nosquitoes

Presence of antigen in head squashes

denonst rat ed by i nmunof| uorescence

I nocul ati on of insect cells or(a)
denonst r at ed
manmal i an cul tures

(b)

Presence of antigen in cells

by i mmunof | uor escence

Cytopat hic effect and pl ague
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fixaion (&), reurdization test (N), IgM
capture enzyne-linked i nmunosorbent assay
(MG HEISA), and indirect 1gG BHISA
Regard ess of the test used, unequivocal
serol ogi c confirmati on depends upon a
sgificat (4fdd o geae) risein gpedfic
anti bodi es between acut e- phase and
conval escent - phase serum sanpl es. The
atign ketey fa st d these ssdajc tests
should include al four dengue serotypes,
anot her flavivirus, such as Japanese
encephalitis, a non-flavivirus such as
chikuguya, ad an uinfected tissue cotrd
atigen wen possibe

Haenaggl utinationinhibition(H) test

G the above tests, H has been the nost
frequently used for routine serd og ¢ d agosi s
o dengue infections. It is semsitive, easy to
perform requires only mninal equi pnent,
adisveyrdiddeif properly done. Becasse
H antibod es persist for long periods (up to
50 years or longer), the test isidea for
seroepi demol ogi c studies. The H test is
based on the fact that the dengue viruses,
under controlled conditions of pH and
tenperature, can agg utinate goose red bl ood
cells, and this effect can be inhibited by
speci fic antibodi es. The antigens enpl oyed
are prepared frominfected suckling nice
brains by extraction wth sucrose and acet one
to renove the lipids, or frominfected
nosquito cell cultures that have been
concentrated or purified. Serumspeci nens
nust be treated to renove non-specific
inhbtas adagd uins.

The H antibody usual |y begi ns to appear
a ditetddeleds (titer o 10 by day fivear

six of illness, and antibody titers in
conval escent - phase serum speci nens are
generally at or below 1:640 in prinary
infections, athough there are exceptions. By
contrast, there is an inmed ate ananmestic
response in secondary and tertiary dengue
infectias, ad atibody titers incresse rgady
during the first fewdays of illness, often
reaching 1:5,120 to 1:10,240 or nore. Thus,
atiter o 11,20 o gedter inanacue phese
serumi s consi dered a presunpti ve di agnosi s
o curent degue infection Hghlevds o H
anti body nay persist for 2-3 nonths in sone
patients, but in nost antibody titers will
general |y begin to wane by 30-40 days and
fdl bedlowthe 11,280 levd .

The naj or d sadvartage of the H test is
lack of specificity, which nakes the test
urdiadde for idetifying the infecting virus
serotype. However, sone prinary infections
nay showa rel atively nonotypic H response
that generally correlates wth the virus
isdaed®.

Qonpl enent fixation (QF) test

The G-test is not wdely used for routine
dege daguostic serdogy. It isnare dfficut
to performand requires highly-trai ned
personnel . The CF test is based on the
principle that the conpl enent is consuned
during antigen-antibody reactions. Two
reactions are invd ved, atest systemand an
indcaa system Atigens for the G-test are
prepared in the sane namner as those for the
H tedt.

G atibod es gererd |y gopear later than
H antibodies, are nore specific in prinary
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infections, and usual ly persist for shorter
periods, athough | owlevel antibodi es nay
persist in sone persons. Because of the late
appearance of G~ antibodi es, sone patients
nay showa diagnostic rise by G5 but have
oly stade atibody titers by H. The geater
specificity of G-test inprinary infectiosis
denonstrat ed by the nonotypi c G~ responses,
wereas H responses are broad y heteratypi c.
The G~ test is not specific in secondary
infections. The G-test is usefu for patients
wth curet irfectias, but isd limted vd e
for serogpi dennd ogi ¢ stud es where detection
o persistet atibodesisinportat.

Neutralizationtest (NI

The NI is the nost specific and sensitive
sero ogic test for dengue viruses. The nost
common protocol used in nmost dengue
laboratories is the serumdil ution pl aque
reduction neutralization test (FRNI). It is
besed on the fact that dengue viruses produce
cytopathic effects (CPE) which can be
observed as pl aques in susceptibl e cell
cultures. This GPEis neutralized by the
presence of specific antibodies. In gererd,
neurdizing atibodes rise a about the sane
tine or at aslightly slower rate than H
antibodies, but nore quickly than G and
persist far a lesst 50 years o | ager. Becase
Nris nore sensitive, neutrdizing antibod es
nay be detectable in the absence of
Oetectable H antibod es in sone persons wth
pest dengue infection.

The NI can be used to identify the
infecting virus in prinary dengue infecti ons,

provi ded the serumsanpl es are properly
tined. Relatively nonotypic responses are
observed in properly tined conval escent -
phase serum As noted above, the H and G-
tests nay al so gi ve nonotypi c responses to
dengue infection that generaly agree wth NI
resuts. Inthose cases were the resposes ae
nonotypic, the interpretationis generally
rdidde Insecodry adtertiay infections,
itisnot possibetordiady deternmne the
infecting virus seratype by NI. Because of the
log parsistence o neurdizing atibod es, the
test nay al so be used for seroep denhd ogi C
studies. The na or di sadvantages are the
expense, tine required to performthe test,
adtechnica dfficdty. It istherefore nat
routingy used in nast |aboratories.

| gM capt ur e enzyne- | i nked i mmuno-
sorbent assay (MG ELI SA)

MG HLI SA has becone widely used in the
pest fewyears. It isasinge ragadtest that
requires very little sophisticated equ pnernt.
MAG ELI SA is based on detecting the
dengue-speci fic IgMantibodi es in the test
serumby capturing themout of solution
using anti-hunan 1gMthat was previously
bound to the solid phase®. If the IgM
antibody fromthe patient’s serumis anti-
dengue antibody, it wll bind the dengue
antigen that is added in the next step and
can be detected by subsequent addition of
an enzyne | abel | ed anti - dengue anti body,
whi ch may be human or rnonocl onal
antibody. An enzyne-substrate is added to
give a cd our reaction.
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The anti-dengue | gM anti body

uncomon to obtain IgMtiters of

develops a little faster than 320 in the latter cases. In sone
lgG and is usually detectable primary infections, detectable
by day five of the illness. | gM may persist for nore than 90
However, the rapidity with which days, but in nost patients it
| gM devel ops varies considerably wanes to an undetectable |evel
anong patients. Sone patients by 60 days®) (Fig.2).

have detectable IgM on days two MAC-ELI SA is slightly 1less
to four after the onset of sensitive than the H test for
illness, while others may not di agnosi ng dengue infection. It
develop 1gM for seven to eight has the advantage, however, of
days after the onset(?. |gM frequently requiring only a
antibody titers in primary Single properly timed blood
infections are significantly S_amP'e- _Con5|d_er_|ng the
hi gher than in secondary difficulty in obtaining second
infections, although it is not bl ood sanpl es and the long del ay

Fi gure 2. Representation of the tenporal appearance of
virus, |1gM

Vi raem’a{

I gM

and 1gG antibodies in persons infected with dengue virus.

19319
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Shaded areas represent approxinmate time periods when virus or antibody can be detected
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in obtaining conclusive results
fromthe H test, this low error
rate woul d be acceptable in nost
surveillance systens. It nust be
enphasi zed, however, that because
of the persistence of |1gM
anti body, MAC-ELISA positive
results on single serum sanples
are only provisional and do not
necessarily nean that the dengue
infection is current. It is
reasonably certain, however, that
the person had a dengue infection
sometine in the previous two to
three nonths.

MAC- ELI SA has become an
i nval uabl e tool for surveillance
of DF/DHF/ DSS. In areas where

dengue is not endemc, it can be
used in clinical surveillance for
viral illness or for random

popul ati on- based serosurveys,
with the certainty that any
positives detected are recent
infections®, It is especially
useful for hospitalized patients,
who are generally admitted late
in the illness after detectable

IgM is already present in the
bl ood.

| gG ELI SA

An indirect 1gGELISA has been
devel oped that conpares well to
the H test(®). This test can

also be used to differentiate
primry and secondary dengue
infections. The test is sinmple
and easy to perform and is thus
useful for high-volume testing.
The 19gG ELISA is very non-
specific and exhibits the sane
broad cross-reactivity anong
flaviviruses as the H test; it
cannot be used to identify the
infecting dengue serotype.
However, it has a slightly higher
sensitivity than the H test. It
is expected that as nore data are
accurmul ated on the 1gG ELISA, it
will replace the H test.

Rapi d serologic test kits

A nunber of conmercial serologic
test kits for anti-dengue |IgM and
| gG anti bodies have become
available in the past few years,
sonme producing results within 15
m nutes?. Unfortunately, the
accuracy of nost of these tests
i s unknown since they have not
yet been properly validated. Sone

of the kits that have been
i ndependently evaluated at CDC
have had a high rate of false

positive results conmpared to
standard tests, while others have
agreed closely with standard
tests. It is anticipated that
these test kits can be
reformul ated to nake them nore
accurate, thus naking gl obal
| abor at ory-based surveillance for
DF/ DHF an obt ai nabl e goal in the
near future. It is inportant to
note that these kits should not
be used in the clinical setting
to guide managenent of DF/ DHF
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