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Abstract

Abstract:

Dengue is a viral disease, caused Hgvivirus, transmitted by mosquito
vector. Dengue virus infection may vary from mildeiyue fever to severe
complications like, DHF and DSS. Dengue fever & itiajor cause of high mortality
and morbidity in Tropical and Subtropical regio® to 100 million people are
affected every year globally. Dengue virus is a RIS and has got four different
serotypes. Dengue presents with Fever, ArthraRedro-orbital pain, Myalgia and in
severe cases it may present with Nausea, Vomitidgoéeeding tendency. Severity in
dengue infection is because of the partial pradectigainst the other serotypes and in
multiple serotype infection the antibody dependemtbhancement of the infection is
seen. Laboratory diagnosis plays an importantirotBagnosis of disease, which may
help in proper treatment and immediate actionhasetis no treatment available and
vaccines are still under trial. There are variowthuds for detection of the Antigen
and Antibodies of dengue virus in patient’s serwhich may help in diagnosis of the

disease.

This study was aimed to detect the incidence oDiegue virus infection and
to evaluate the proper dengue diagnostic test arahaw the incidence of multiple

serotype infection.

Material and Methods:

1000 Dengue suspected patients as per WHO critenia considered, serum
samples were collected from the patients and stdgefor the detection of Antigen
and antibodies by rapid and ELISA method, all tt& Npositive serum samples were
subjected for detection of the viral RNA, serotypimas done to know the serotype

present in the serum.
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Abstract

Result:

Out of 1000 samples, 462 serum samples were p@saivAg or Ab or both
by rapid or ELISA. All the serum samples were satgd for testing by Rapid card
method and ELISA. Male patients were more infectednpared to women but
significant difference was not observed. Age grogbsl5-30 years were more
infected followed by 30-45 age groups. More numifeDengue cases were seen in
the month of October i.e. Post monsoon months,scaisgted in the month of June
and ended in December. More number of cases was Binlar city followed by
Humnabad, Bhalki, Aurad and Baswakalyan. All théigras were suffering from
fever, followed by headache, myalgia, body achthralgia, nausea, vomiting and
abdominal pain. All the NS-1 positive samples wsubjected for RT PCR for the
detection of the Dengue virus serotype. DENV-1n& BENV3 were identified from

the samples and detailed clinical correlation wased

Conclusion:

ELISA is the most useful tool for detection of Qe virus antigen or
antibodies from patient’s serum. DENV-1, DENV-2 ddENV-3 are circulating with
changing trend of serotype was observed, with gegbnical features in DENV-2

and 3 serotype infection. Serotype-1 showed unigueserved site Ncol.
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Introduction

Introduction:

Dengue is one of the vector borne disease fourmligiout the world ranging
from 17- 20 % of the total infectious diseaseBhe most common vector borne
diseases are transmitted by the bite of mosquitbkes, Malaria, Chikungunya,
Japanese encephalitis, Dengue, Rift valley fevaipw fever and Zika viral disease.
Arthropod borne viral diseases are endemic in namegs’ Tropical and subtropical
regions are commonly affected by arthropod borseaties infecting 25 to 80 million
people throughout the worfgwith 5 lakh cases of DHF and 30,000 deaths iaa’y
Since 2009 India is experiencing concurrent intewi with such Arthropod borne
viral diseases, especially Chikungunya and Den@umstant outbreaks have been
observed throughout India, especially Dengue witiake led to large number of

mortality and morbidity.

Dengue is one of the mosquito transmitiiesiviral disease, due to its painful
signs and symptoms i.e. Joint pain, back ache adg bche it was also termed as
break bone fevetDengue virus is a ss RNA virus with 11Kb genonregth and is a
enveloped virus with core protein, membrane protéengue virus is having four
different serotypes, depicted as Dengue serotygppENV-1), Dengue serotype-
2(DENV-2), Dengue serotype-3(DENV-3) and Dengueotygre -4 (DENV-4f’
Infection with a single serotype induce lifelongnmanity but infection with second
serotype at the same time or during secondarytinfeogives partial protection or no
protection and may lead to Antibody dependent imenanhancement, which may
lead to severe consequences like Dengue shock awedrDSS) or Dengue

haemorrhagic fever (DHE).
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Dengue infection may range from flu like illnesgiwbengue fever to severe
forms like DSS or DHF. In DF there is sudden ordefever, headache, arthralgia,

myalgia, retro-orbital pain and maculapapular fash.

Aedes aegypti is circulating and transmitting the disease thrmug the globe,
many attempts are being made to eradicate the ntosguespecially in endemic
areas, but still not succeedeBengue virus vaccine is still under trial and ndwaes

been licensed. Specific treatment is not avail&dielengue virus infection till dat8.

There are different methods of Laboratory diagno$iBF other than clinical
findings, which are must for confirmation of Denguieal infection. They are virus
isolation, genome detection (amplification), Antige& Antibody detection by
serology*! as isolation of virus needs skilled persons ahdrttory; it is lengthy and
time consuming procedufe Genome detection by amplification technique, tfoe
identification of serotype and sequencing is doaeyplification is done by
Polymerase chain reaction (PCR) and other methisdgsNASBA® Detection of
Antigen and antibodies is done in all laboratoaspecially for identification of acute
infection. NS-1 antigen detection and IgM antibabbtection is commonly used test
for detection of dengue infection. Nowadays we aéso identify the primary and
secondary dengue infection on the basis of IgMy® fatid”. Also we can detect the
early NS-1 antigen. NS-1 is a nonstructural protgiDengue virus which is found in
circulation during the acute phase, can be detentdte serum or plasma and helpful
in early diagnosis of the disease, while IgM mayesy only after 3 to 5 days of

infection.

For detection of NS-1, IgM and IgG in the patiergsrum there are many

commercially available kits, which are rapid andsléime consuming and ELISA is
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more specific but time consuming. To know which ahéetter for the diagnosis of

the disease, we have also compared the rapid catttbochwith ELISA.

Platelet count is another diagnostic criteria asgéed with the Dengue virus
infection, as the platelet count depletes in Dengues infection. Platelet transfusion
becomes important in cases with DHF and DSS. Mbshe times platelet count is
not done, hence delay in transfusion may lead toptication and shock. Early
estimation of platelet number will help in suppeetireatment. We have also studied

the association of platelet count with NS-1, IgMidgG positivity.

Large number of cases of Dengue and Chikunguniyee weported from
Karnataka and South India from the year 280®any outbreaks were seen from then
onwards. Due to similar clinical manifestations dack of diagnostic facilities much
of the cases remained undiagnosed. This study araducted to know the incidence
of DENV infection in North Karnataka. Detailed atal history was taken from the
patients suspected of DF infection; hematologieabmeters were studied in detail to
see the changes in blood picture as the plateleitds depleted in Dengue. This was

supported by serodiagnosis by detection of IgM, &g@bodies and NS1 Antigen.

As the pattern of antigen and antibody appearamceéhé serum varies
depending on the stage of the disease and bechugech misdiagnosis may occur,
to overcome this problem detail analysis of theigemt appearance and antibody
appearance in the serum was done by Rapid and EatslAwas compared to know

the specificity and sensitivity of these methods.

In India since 2006 many places including Delhilldfe, Madhya Pradesh,

Andhra Pradesh & Lucknow have experienced the pilalerotype circulation and
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monotype infection, also multiple infection in axgle patient with severe clinical

manifestations with shock and hamemorrhage.

Moreover further confirmation was done by molecianhnique i.e. RT- PCR
(polymerase chain reaction), from Blood samples@orelation and to identify which
serotype and genotype is prevalent in North Kakaatdo know whether multiple

serotype infection is present, and which serotyp@se circulating.
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2.1 HISTORY:

Word “Dengue” is derived from “Ka-Dinga pepo” whieaneans cramp like
seizure, from this Christie named it as Difigdhe slave trade of the New world,
where it was named as Dandy fever or “The Dandy"Sby Thomas epidemic in
18277, In 1653 first ever known epidemic of Dengue wesorded in French West

Indies, and the same type of illness was seen inadh 992 AD"’

In Chinese Medical Encyclopedia Dengue was terrasdwater poison
associated with flying insects in 992 ADAsia, America and Africa came across the
epidemic of Dengue in 1780. The first known clihicase was detected in 1789 in
Philaelphia which was termed as Break bone feveBdrnjamin Rush, because of the
myalgia and arthralgia. The name Dengue came is¢éogenerally in 1828 after the

outbreak in Cuba. In 1940's the etiological agenis/was proved®

Cleland and Bancroft first described the transmissof Dengue virus byAedes

mosquito, but the virus carryiniedes aegypti is from Africa or Asia is debatabté.

Craig and Ashburf first found the filterable agents from human blotittubation

period was first established by Siler et al. Kimaral Hottf* in 1943 first isolated the
virus in mice. Sabin and Schlersinger in 1944 igalahe virus in suckling mice in
Calcutta®® William Hammon in 1956 showed the presence okedéffit serotypes and

genotypes of Dengue vir@s.

Sabin and Albert isolated different strains of demgirus by inoculating, infectious

human serum in human volunteéfs.

The first major epidemic of Dengue hemorrhagic fewas seen in 1954; it started

from Philippines and involved the entire globe.
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Since last 40 years dengue is epidemic in more 1i@hcountries and is spreading
very fast. Brazil, Paraguay, Thailand and Pakistgperienced the recent outbreak in
the year 2011, by 2013 it involved Brazil, Singap@nd Thailand and Central

America had a worst outbreak in 208>

Dengue type 3 has affected most of the countriesiing Cook Island Malaysia, Fiji

and Vanuatu.

Table no 1: Year wise distribution of Dengue virusserotypes in different

countries.

Sr | Country Year Dengue serotype
no isolated

1. Indonesia, Thailand 1983 DENV- 1,2,3,4
2 Thailand 2000 DENV-1,2,3,4
3 Peru 2002 DENV-1,2,3

4 Nicaragua, India 2006 DENV-1,2

5 | Hong Kong 2008 DENV-1,2,3,4
6 Martinique 2008 DENV-2,4

7 Taiwan 2009 DENV-2,3

8 Thailand 2010 DENV-1,2,3

9 India 2010 DENV-1,2,3,4
10 | Vietnam 2010 DENV-1,2,3,4
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2.2 EPIDEMIOLOGY OF DENGUE VIRUS INFECTION

Dengue virus has four serotypes and all the seeotyp prevalent all over the
world, major infections are due to no long lastangss protective immunity to other
serotype, Sabin first showed that cross proteabicours between two serotypes and

lasts for few months.
Geographical distribution of dengue around the wold:
1779-1780

Three continents Asia, Africa and North Americardn@xperienced the first
epidemic in the year 1779-1780, this was the fisidence which proved that
Dengue Virus and its vector are worldwide in disition and are evident since 200

years?®
1780

Philadelphia have experienced the epidemic inyder 1780, then onwards
many epidemics were seen in America up to earfy@éntury, in the year 1945 USA

experienced the last outbreak in New Orledns.
1953- 54,

Manila, Philippines were the first to witness Deaddemorrhagic fever (DHF) in the
year 1953-1954, it was also known as “ Thai orlipimle Hemorrhagic fever” which
was later on seen in Bangkok, Thailand in 1958 %indapore, Thailand and Vietnam
in 1960". Due to increase in trade, shipping vessels ambportation, disease spread
was throughout the tropical. World war 2 boostesl spread of Dengue fever which

further appeared as epidemic in Central and Soutkrika, hence the control centers

BLDEU Vijayapura. Page 9



Review of Literature

were shifted their. The campaigns were discontinnek®70 due to low incidence. In

1980 again the incidence of the Dengue increaséithwlead to pre-campaign in

199527

Figure no:1 Global spread of different serotype oDengue from 1943 to

2013.
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Epidemiology of Dengue fever in Asia:

Incidence of Dengue was more prior in 1970, whatler on subsided but last
five decades Asia have witnessed new outbreak. MDuetroop movement,
transportation, rapid urbanization, change in agplat the end of Second World War
lead to increased transmission of Dengue, dued@ased density dhedes aegypti

mosquitoes. Few years later from this emerged liheat of Dengue Hemorrhagic

fever in this regior?®
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Dengue serotype 3 has caused havoc since lastytweats, because of DHF
epidemics in East Africa, Latin America and Sri kanThe emergence of DHF in Sri
Lanka in 1989 was due to new DENV-3, subtype Ilfiarat, which was closely
related and belonged to DENV-3 subtype Il whichigimated in the Indian

Subcontinent. Bhutan and Nepal witnessed the cakhrethe year 2004°

Dengue serotype 1 and Dengue serotype -2 were ifiotated from the
epidemic in Pakistan in the year 1984The major outbreak was experienced by
Pakistan in the year 2004 , in this serotype 2 nvage prominent. There after several
studies were reported from Pakistan and other eiltdaneas where DENV-1 and

DENV-2 was predominantly circulating in the Pakistpopulation>!

Majority of the South East Asia has experiencedtiplel serotypes Dengue
infection especially in children below 7 years geamonsoon or rainy season were

epidemic’s trend in the tropical arehs.
Epidemiology of DF, DHF and DSS in India:

First Clinical Dengue —like illness epidemic wasawled in the year 1780
from Madras. And the first proven case of denguesffevas seen in Calcutta an
Eastern Coast of India in the year 1963-186% Trend of northward spread was seen
then on which hit Delhi in the year 1987while Kanpur in 1968**° DENV — 4 was
responsible for the outbreak of 1968 in Kanpuin 1969 the virus serotype isolated
was DENV -2 and DENV-4. Vellore witnessed the epidedue to serotype DENV-3
in 1966%° DENV-3 was also isolated form Calcutta and Tam#dN in 1968.
Prevalence of all the four serotype i.e. DENV-1&8 was seen in Vellore during
19683° Further it was replaced by serotype -2, Haryabhacknow , Gwalior, Gujrat

had serotype -2 prevalence, while Delhi showedtiesence of DENV-2 and DENV
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-137:3839404142 paiasthan had serotype -1 and serotype -3 in laling in the

population. Phylogenetic analysis revealed theildatéviral movement? It showed
the isolates of Dengue virus from Delhi and Gwaliorl966 belonged to DENV -2
and genotype IV** Serotype 2 and FJ10/11 isolated from China weosety
related. Early two isolates of Dengue serotype Bevetassified in genotype V which

was further replaced by genotype IV in last dec¢dde.

Delhi has witnessed many epidemics during last dewades, since 1988
then after a gap of eight years in 1996 and in 20@utbreaks from Mangalore in

the year 1998 and Chandigarh in 20d3.

Spread of DHF began from Delhi and Lucknow in 199@re was an outbreak of
DHF/DSS in these areas, which spread rapidly througthe country. DHF was
spreading in India since 1988. In 2004 there wadden shift in the serotype in
Northern part of India where serotype 2 was repldng dengue serotype 3 subtype
IV. In 2005 major Dengue epidemic was seen duringgust — November 2005

affecting more than 15 districts of West Bengaliding Kolkata*

In Delhi the major serotype circulating in 20032@05 was Dengue serotype 2 with
predominance of genotype four, there was co-citimriaof Dengue serotype 2 and 3
simultaneously which led to server form of diseddee many cases of Dengue
hemorrhagic and Dengue shock were seen during cibsirculation. Change in

serotype as well as change in the genotype ofiths and replacement was séen.

Co-circulation and mix infection with other falvial agents led to many
complications and Delhi, Vellore have seen the miection of Chikungunya and

dengue together from the year 2007 to 2809.
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Dengue -1 isolated from Vellore in 19%7belonged to the American African
genotype. Whereas few reports say that the Dengus serotype and genotype are
of African lineage including L,ILIII type. Theseeotypes have come to India from

Singapore and Ill has come from Africa. These tivailss are constantly present in

the circulation leading the mix infectioRs.

Table no 2: Distribution of Dengue serotype in Inda

Srno | Place of study Year of study| Dengue viru
serotype isolated

1. Vellore™ 1964 DENV-2

2 Vellore™* 1966 DENV-3

3 Vellore™* 1968 DENV-1,2,3,4

4 Kanpur™ 1968 DENV-4

5 Kanpur’* 1969 DENV-2,4

6 Hardor® 1970 DENV-2

7 Kolkata™ 1983 DENV-3

8 Jaloré® 1985 DENV-3

9 Delhi>® 1988 DENV-2

10 Gujarat’ 1988 DENV-2

11 Kolkata®® 1990 DENV-3

12 Mangaloré’ 1993 DENV-2

13 Ludhiana® 1996 DENV-1,2,3,4

14 Lucknow’’ 1996 DENV-2

15 Delhi*® 1996 DENV-2

16 Delhi*® 1996 DENV-2

17 Delhi® 1996 DENV-2

18 Haryan& 1996 DENV-2

19 Delhi®® 1997 DENV-1

20 Dharmapuri, TRf | 2001 DENV-2

21 Gwaliof? 2001 DENV-2

22 Chennaf* 2001 DENV-3

23 Delhi & Gwalior** | 2003 DENV-3

24 Kanayakumafi 2003 DENV-3

25 Delhi® 2003 DENV-3

26 Delhi® 2003-2004 DENV-3

27 Delhi® 2003-2005 DENV-1,2,3,4

28 Kolkata®® 2005 DENV-3

29 Entire country/ 1956-2005 DENV-2

30 Delhi® 2006 DENV-3

31 Delhi® 2006 DENV-1,3

32 Delhi®® 2006 DENV-1,2,3

33 Delhi®® 2006 DENV-1,2,3,4
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34 Madhurai® 2007 DENV-3
35 Andhra Pradedh | 2007 DENV-1,4
36 Gwalior &Delhi* | 2001-2007 DENV-1,
37 Delhi* 2008 DENV-1,2,3
38 Ernakularff 2008 DENV-2,3
39 Different parts of 2003-2008 DENV-3,
the country®
40 Delhi” 2007-2009 DENV-1,2,3,4
41 Maharashtra Puffe | 2009-2010 DENV-4

Karnataka has experienced large number of outbrealengue, which were
found in North and South Karnataka in the year 20©62008. There was co-
circulation of all dengue serotypes leading to mapgradic cases. All the dengue
serotypes have been detected from Banglore, Myddamdya, Hassan, Dharwar,
where most of the cases remain unnoticed and ddeacto of facilities, serotype
prevalence was not studied. Moreover cases of Demtpelined then onwards in
many places of North Karnataka, but they remaireemd for vector borne diseases

like Dengue, Chickungunya and Malafig" ">
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Figure no 2: Karnataka Map showing distribution of Dengue virus serotype
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2.3 DENGUE VIRUS

Dengue is the most important and wide spreadingra@sbd borne viral
disease transmitted in human beings, which hasfa@at different serotypes i.e.
Dengue virus serotype-1 (DENV-1), Dengue virus sg®-2 (DENV-2), Dengue
virus serotype-3 (DENV-3) and Dengue virus serotyg®ENV-4). Dengue virus is
supposed to be evolved from the forests of Afrideesg all the four serotype were
found and are evident on the basis of phylogersitidy. Dengue is an enveloped
single stranded RNA virus which belongsfliaviviridae family and genudlavivirus.

The viral RNA is surrounded by C protein and fortms inner core® "

The virus spherical particle is surrounded by tapstd and the envelope with

and Membrane protein bond.

The virus measures 50 nm in size and the genonaermgue virus is 11000
base pair long which consists of 3,400 amino aegidues. The genome consists 3
structural protein genes which code for Core prot@lf), membrane associated
protein (M) an envelope Protein (E). Viral genonweles for seven non structural
protein genes (NS). The NS proteins are nominaged3il, NS2a, NS2b, NS3, NS4a,

NS4b and NS5°8%

» C protein: This is a basic protein of virus withk#ll It is a compact dimmer
with each monomer of four alpha helices. This gg@up specific protein and
can be detected by complement fixation t¥st.

» E protein: This is a group specific protein foundHavivirus group. E protein
is a glycoprotein made up of 500 amino acids withlaoular weight of 50 kd
and is synthesized by membrane protein containthgohserved cysteines to

form disulphide bond&® This protein helps in attachment of the viriorthe
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host cell receptors, act as a mediator for membfasien. E protein can be
identified by Complement fixation test Haemagglatian Inhibition assay;
neutralizing antibodies are found which play an am@nt role in immunity.
CMI has not yet been clearly understood in Dengtection®

* prM (precursor of membrane protein): E proteintébsized and polymerized
by prM protein.pr and M fragment fuse in Golgi cdexpand act as precursor
of the M protein and is present on the surfacehef\tirus, and is useful in

differentiating in group of flaviviru§?

Non structural glycoprotein’s: There are seven nonstructural proteins (NS-1,NS-
2a,NS-2b,NS3,NS4a,NS4b and NS5)NS-1 glycoproteid6is 48 kd in size. The
function of this protein is of diagnostic importandt is one of the highly conserved
glycoprotein. It can also initiate the infected| dgtes by activation of the C. Its role

in assembly and maturation is not yet clér.

NS 2A- This is one of the hydrophobic protein whsrhaller in size in comparison to
NS1. It is a part formed from the cleavage of Nmi@us of host singnalase and C

terminus of viral proteas&>®

NS 2B — This is a still smaller component of thenNstructural antigens and it co-

ordinate with NS3 for insertiofi*

NS3 — This protein is seen Kaviviridae group it has an important role in apoptosis,
while NS4 A interact with NS3 for various functidinis also a hydrophobic protein
while NS5 is one of the highly conserved multifuongl protein which is 105 kDa.
This protein is also known to be inhibiting theeaf IL-8, i.e inhibition of viral

growth.?>%
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The virus genome is surrounded by capsid and theal@p with E and M proteins,
Nucleo-capsid is surrounded by belayed M and Eagyatein’s. In the infected cell
the M protein acts as precursor for prM which helgfolding and assembly of E

protein®’.

Dengue NS-1 glycoprotein is of 46kd, it is impottam viral replication, assembly

and maturation of the virus particle but not yeived.

Mutational analysis show that NS4b is responsibtetlie maintenance of balance in

replication in mosquito and human hst

NS5 is well conserved protein and is involved iplieation of Dengue virus RNA,
the NS5 contain the N terminal RNA cap processiciyvidly and c terminal RNA
dependent RNA polymerase activity. It also induceBIsecretion in late infection

which may modulate the transcription of cytokinesd affect the innate immunify.

Figure no 3: Structure of Dengue Virus
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2.4 THE VECTOR:

Dengue is an Arthropod born diseases; mosquitceshar major vectors for
transmission of Dengue virus from one person toother. Aedes aegypti and rarely
Aedes albopictus play an important role in transmissiofiedes aegypti is a small
black mosquito with white stripes around 5 mm iresiAedes aegypti is found in
Tropical and Subtropical regions. It is the oneha& primary vector for viral diseases

like Chikunguniya, Yellow fever and Dengtre.

These mosquitoes breed in freshwater and stagvestet stored in proximity
to human residents eg. Water coolers, water potsef pots, buckets, drums, unused
or discarded rubber tiers of the vehicles, fourstand nearby open gutters draining

rain water and other.

Mosquitoes harboring the viruses usually bitetibst during day time either
in early morning or prior sunset but are activeutjio out day timeAedes albopticus
can bite in day time and especially in late aftern@dedes albopictus is also small
dark mosquito with white dorsal stripe and bandegs! It lays egg in the water

logged container in urban, suburban and rural aféas

Aedes aegypti and Aedes albopictus are sensitive to environmental changes
such as temperature, precipitation and humidityeyTldo not survive in cold
conditions; especially the activity of this vecisrlowered in winter seasoedes
species lay the eggs in artificial water loggedtaomrer in proximity to the residents
and the eggs are resistant to environmental comditilike drying so they remain for

long time in the environment and can easily spteatkew locations§*?
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2.5 Transmission of Dengue virus:

Life cycle of Dengue virus is carried out in humamsl vector mosquito. Life
cycle begins with the bite of the infected femA&gles species to human. The female
Aedes mosquitoes harbor the virus in salivary gland ardain infective for the entire
life which leads to spread of the dise&&&osquitoes gain infection from the infected
human in acute phase i.e during 2- 5 days of ildfecOnce the mosquitoes take up
the virus during blood meal they need 8-15 daysaimome infective, so that the virus
infect the salivary gland of the mosquito and st&@nsmitting the virus to the other
vertebrate&® Virus is present in the entire tissues and orgainthe mosquitoes
involving the ovaries, midgut, central nervous ¢dydhin etc. The virus is present in
the ovaries and multiplies in the female genitatty while fertilization they enter the
ovum and leads to infectious progeny. The vectensain infectious for its lifetime
and transmit the DEN viruS. No visible pathological changes are seen in the

mosquito?®

Once the infected mosquito bites the vertebrates wisible signs and
symptoms starts only after 2 to 14 days of incdmtivhich varies from human to
human® Onset of symptoms starts, fever usually is biphasuscle pain, Joint pain,
rashes on the trunk and headache. This illnesslasayor 5 to 7 days as the cycle

completes. Convalescence may last for long fifne.

There are various factors which affect the transioms of dengue virus
infection to human. Eg. Age, climate, sex, raciad genetic factors play important in

transmission and pathogenesis of Dengue virus.

Climate plays an important role in growth and mplitation of the mosquito

vector?® As Dengue is vector born disease, breeding of mitisgs an important
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factor for transmission and multiplication. Manyudies have stated that post
monsoon season i.e from October to December isfoesireeding of mosquito and
this is the season were large number of denguescase seen. Increase in the
temperature from 26c to 3¢ c decreases the extrinsic incubation period of the
dengue virus, which may facilitate the spread a ttengue virus especially the

virulent genotype$?* Which results in increased immune response arehsi>*°

Age also plays an important role in disease, asynofthe workers have seen
the most commonly affected age group was betweeto 4% years”®® In many
studies Dengue has been reported in pediatric agepg Problem related to its
severity as more severe complications are seemisrgtoup. In many studies it has
been noted that all age groups are prone to ioiestith adult group predominange.
In few cases they have also stated the predominahd&ENV-2 in children and

DENV-3 in adultst®

Many of the studies have distributed the dengsesan relation to sex ratio,
male to female and most of them have coated, nakesnore commonly affected
than female”’*** This may be due to the exposure of male to thér@mwent than
female. Few studies have stated the equal disibwf DENV infection in male and
female. Serotype prevalence has been stated in stadies in relation with the male

to female ratio, Dengue serotype-3 and serotyp@@more common in maté>!%

Genetic predisposition is also important, espgcials observed that Africans
have deficiency of Glucose 6 phosphate dehydrogenaslymorphism in the MBL-2
gene was shown to be associated with thrombocytapmmd an increase risk for

dengue hemorrhagic feverHLA class 1 and Il alleles are associated with the
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development to DHF. Polymorphism in TNF-alpha ,rEceptors, Cytotoxic T cell

associated antigen (CLA-4) cages.

During 1981 and 1997 the hospitalization of blagkas less compared to
whites, observed by Halstead et al stating the DEBRIstance gene in the blacks,

this study states racial difference seen in DENdtion. (CLA-4)

Cases of vertical transmission have not been cuefir till now, vertical
transmission of dengue can't be ruled out, anceé@ds further study. Only one case
was reported in Thai women with febrile illness,ondtelivered healthy baby, which
developed dengue fever after 6 days but was ndirowd weather it was mosquito

born or vertical transmissidfi?

Age wise if we see, most of the researchers haea Sengue virus infection is
common in age group 15 to 45 years. Many studie® ladso stated about serious
disease in small children. Infection in all ageugravas seen by Matlini et'8f and
other worker with more prominence in adult Male.NDE2 was reported to be more

common infection in children and DENV-3 in adultipats.'®>%

Difference in sex ratio is seen in Dengue virueatbn. Male patients are
more commonly affected then femaf&!%One of the study showed female were
affected more, in another study in long duratiorBofears, male predominance was
observed. DENV-3 and DENV-2 were the common semtfpDengue virus isolated

from both gendet®
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2.6 PATHOGENESIS

Dengue virus replication in human

As the infected mosquito takes the blood meal,cufeie the dengue virus in
cutaneous Langerhans denderitic cells, where thdtipty, triggering the cytokines
and chemokine mediated infiltration of immune celilsey migrate through the
lymphatics. They can also infect skin and intestidanderitic cells. Skin and
intestinal cells are the primary target site forusi attachment. Especially the
denderitc cell adhesion molecule-3 and non- inteenessential for the productive

Dengue virus infectior®’

Intestinal Antigen presenting cells express the Bi@n or N- acetylegalactosamine
specific C type lectin which helps in viral dissewtion and antiviral immune
response. After the virion are endocytosed in eoihis vesicles they are exposed to
acidic pH, which trigger the modification of strucal protein of viral envelop
protein. Which in turn leads to changes in exposiiriision peptide, and binds the

edosomic membrane towards the viral membrane indubie membrane fusidft’

The proteases present in the cells within endosoregicle un-coat the virion by
digesting the envelope, releasing the genome irtid®plasmic reticulum. NS-3 and
NS-4 help in invagination of ER, where RNA of thieug replicates. Further RNA
synthesis and viral assembly takes place in thecoeipartments. With the help of C

protein nucleocapsid complex and viral RNA, capisideveloped® 1

After development of virus in host cell, it is rateed by exocytosis. Golgi complex
helps in post translational modifications in aduhtito a sugar residue. The complex

come out of the ER with a prM —E- lipid envelop. &b the virus is expelled via
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exoveytic vesicles, mature M protein form furin nated cleavage of prM and causes

E protein to change to homodimer fotf****

Figure no 4: Dengue virus replication in Human ce8.

—_— e ——— — ™ Mature
i T . virion
~ A s N
Virus infection e YR
el @
e S/ Virus rnamrauon;_:_ — "
% St Fusion and 3 S5
_ virus disassembly o
. \__/ — :
. VRRNA S _ L ,
CAP —  —~ ——————— & ] '--_\‘___._ J TGN ;
Polyprotein transiation, o —
[ transit to ER and processing
| - Golgi

Viral genome
replication

Clinical manifestations and virus behavior

Virus is transmitted to vertebrate by the bitenéécted mosquito during blood meal,
the virus replicate in the regional lymph nodes dis$eminates in blood after 2-3
days to different organs. Dengue virus can alsticap in macrophages, lymphoid
cell and dendritic cells. The viremia is set upluding involvement of monocytes,

macrophages and even T and B cells in differeramst®

In viremia, fever is the major symptom; it is besawf the release of interleukins
followed by Rash which is due to lymphocytic dermasculitis. Release of cytokine

in the circulation after viral infection leads tther symptomg**>
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Severity of the disease in dengue is major causk may lead to high rate of
mortality. Immune cells, liver and endothelial hgs of blood vessels play an

important role in Dengue shock syndrome and Demgeenorrhagic fever:
Role of cytokines in Dengue infection:

TNF alpha, interleukin (IL)-2, IL-8, IL-10, IL-12r IFN gamma play an
important role in pathogenesis of DENV infectiob-8 is elevated in DHF where as

plasma leakage is caused by TNF alfta.
Complement in DENV:

Activation of complement factor plays an importamie in inflammation which leads
to plasma leakage to weakening the capillaries.G8& and C5a complement factors

reach the highest level at the defervescéhce.
Cell response to DENV infection

CD 4 and CD 8 cells and Natural killer cells deseeasually in DSS or DHF
and in most cases seen at the convalescence. Rlevér€D-4 : CD-8 ratio takes
place after 10 days of onset of fever and notech wiite patients with DHF,
generalized BM suppression may occur in dengueciioie which leads to

Lymphopenid?
Changes in liver enzyme in dengue infection

Liver enzymes are elevated and bleeding tendensieseen in Dengue
infection, which suggests that liver is involvedryweeommonly. Cases of hepatic

involvement in dengue have been reported with naidenecrosis of hepatocytes,
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micro vesicular steatosis and councilman bodieschwis also seen in Yellow fever

and Rift valley fever which belong to tfieviviriadeae. *****’

Role of endothelial cells in DENV infection*'®

They play an important role in severe systemicamiination, as EC are the
physiological regulatory factor and the role inpigsn of DENV is controversial. The
Non structural proteins of Dengue virus show troptse EC of Liver and Lung tissue.

NS-1 and anti- NS-1 antibodies contribute to saeleqiuimonary vascular leakage.

Platelet count and DENV infection

In Dengue virus infection suppression of erythrdliomboid and myeloid
precursors  occur. Associated with  peripheral cytgge  especially
thrombocytopenia, thrombocytopenia is because bf &ntibodies of anti-platelet,
DENV specific antibodies, bone marrow which leads ibhcrease in defective
megakaryocytes or destruction of platelets in spked liver. Anti platelet antibodies
cause lyses of platelet in association with compl®nDENV serotype 2 is more
associated with this, which binds to human plasetatly in the presence of virus

specific Abs, also known as immune mediated plagzarancé? !

Cell tropism has been seen in experimental animdlreon human primates,
which shows that virus was isolated in high con@mn from skin and
gastrointestinal tract and low level of viral loacs seen in liver, lung, peripheral
lymph node and spleen. Dengue virus can bind theomaclear cells in the
circulation, spleen, lymph nodes and bone marrow@ 129 mice. Leucocytes are

also infected with DENV. Dengue virus is isolateonfi the spleen, peripheral lymph
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node and liver and CNS in IFN- alpha and beta aaftanice. Neural tropism is seen

in mouse model, but not much in humang
Pathogenesis of DHF?

Different theories have been put to explain thehpaénesis of dengue
hemorrhagic fever, one is immune mediated, in whecbss reacting antibodies
develop, which augment the infection. The other isnelated to the stain virulence,
virulent dengue type cause DHF and less virulaairsof Dengue virus causes mild

type or dengue fever.
Factors contributing the mechanism of pathogenesis

1. Dengue virus — virulent strain may cause seveetidn

2. Anti — dengue antibodies- they activate complenagigk enhance dengue virus
infection by virus — antibody immune complex sep&ross reactivity.

3. Complement — activation product that produce plakakage

4. Platelets — thrombocytopenia

5. T lymphocytes- produce lymhokines and lyses dengues infected cells

6. Endothelial cells- play an important role in plasteakage and produce

cytokines.

Hemorrhagic manifestations in DHF: *?*

Hemorrhagic manifestations are suppose to be onghef autoimmune
manifestation, may be due to molecular mimicry. Feerkers also state the role of
cytokine, viral antibodies binding the plateletaseular injury or with plasminogen or

other clotting factors reduce platelet survival amhsumptive coagulopathy. It is

BLDEU Vijayapura. Page 27



Review of Literature

caused by dysfunction of vascular endothelial celtber than destruction of small

blood vessels.

Shock in DENYV infection:*#

Due to massive extravasations of plasma to extsawlar sites, like pleural
and abdominal cavity, person may go in shock. Thislue to increased vascular
permeability due to immune activation. Increasectlleof TNF receptor, Interferon
gamma, Interleukin -8 and apoptotic endotheliall acd¢ath manifest immune

activation. Complement is also activated in thigussce as a part of inflammation.

Antibody dependent enhancement:

Lack of neutralization of cross reacting antibodiésprimary infection can
cause severe manifestations in secondary infeafiemgue virus and non neutralizing
antibodies from complex. These complexes bind torEceptor of the target cells and

leads to the enhancement of DENV infection. Thisaiéed as ADE?

Antibody dependent enhancement is based on, iofeetith two different
serotypes of dengue virus. Manifestations of Denggmorrhagic fever is due to the
immune response in the form of antibody formatidgo one serotype and if the
another subtype of dengue virus infects the sawfigidual, the virus will activate the
immune system to attack it as if it was the fietosype. Immune complex suppresses
the cellular immune response, increasing the iathalar infection and exaggerated
inflammation. Chemokines and cytokines togethertrdmute in the severity of the
infection. Increased number of virion leads to higlfection due to accelerated

internalization and cell infection by immune conyas. Antibodies to prM are major
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component of high cross reactivity in all dengumgges and these antibodies have

ADE and low neutralization capacity’
2.7 Clinical presentation:

Dengue may be present in various clinical formsictvhvary for asymptomatic to
sever dengue infection. Dengue may remain asympgiomaymptomatic,

undifferentiated fever, classical dengue with hatmege, with unusual hemorrhage;
sever forms like DHF without shock or Dengue shegkdrome. DHF is also graded
depending on the severity by World Health Orgamzatas grade | to V. Dengue

hemorrhagic fever Ill and IV is classified as Deaginock syndrom&?2*23
Dengue fever probable diagnosis

An acute febrile illness with two or more of thdldwving symptoms like
headache, Retro-orbital pain, Myalgia, ArthralgiaRash, Haemorrhagic
manifestations, leucopenia and supportive serologyylgG by ELISA or Positive
IgM on a late acute or convalescent phase serumingpe or confirmed case of

dengue fever in same locatitfi.
Confirmed dengue fever diagnosis:

Isolation of dengue virus from serum or autopsy@asor demonstration of fourfold
rise in IgG or IgM antibody titer of dengue virustigen or Antigen demonstration in
autopsy tissue serum or CSF by immunohisochemistipunofluroscence or ELISA

or detection of DENV genome in autopsy or CSF bRPC
Dengue hemorrhagic fever a case definition*

If only all the below mentioned criteria are fudl it is defined as DHF.
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Fever or history of acute fever since 2-7 days sictally biphasic, hemorrhagic
tendency, evident at least one e.g. positive touti test, petechiae, ecchymoses or
purpura, bleeding from the mucosa, GIT ,haematesmesr melaena.

Thrombocytopenia (100000 cells per mm3 or less§lext plasma leakage.

Dengue syndrome case definititfi:all the four criteria for DHF plus evidence of
circulatory failure manifested by rapid and weakispu narrow pulse pressure,

hypotension for age and cold , clammy skin andesstess.
Dengue fever and dengue haemorrhagic fever gradé®’

DF- fever with two or more of the flowing signs, &tkache, rero-orbital pain,

myalgia, arthralgia.

Grade 1 DHF- above signs plus positive tourniquest twith thrombocytopenia

< _100000/mm3, haematrocrit>_20%.

Grade II DHF- above all signs plus spontaneous diobge thrombocytopenia

< _100000/mm3, haematrocrit>_20%.

Grade Il DHF- above all signs plus circulatoryldae, weak pulse, hypotension,

restlessness thrombocytopenia <_100000/mm3, hageni&tr 20%.

Grade IV DHF- profound shock with undetectable blogressure and

thrombocytopenia <_100000/mm3, haematrocrit>_20%.

Due to unclear picture of clinical symptoms andidlifities in reporting the dengue
cases by the above criteria WHO in 2009 proposeédva classification according to

the degree of severity it is as follows.
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Dengue without warning signs (probable dengue)??

1. Live in/ Travel to Dengue endemic area.

2. Fever and two or the following criteria.

a.

b.

e.

f.

Nausea/ vomiting

Rash

Body ache and pain
Leucopenia

Tourniquet test positive

Any warning sign

3. Laboratory confirmed dengue when no sign or plasakage.

Dengue with warning signs*?

Presence of any of below signs

Abdominal pain

Clinical fluid accumulation

Persistent vomiting

Mucosal bleeding

Lethargy, restlessness

Liver enlargement more than 2cm

Laboratory diagnosis included decrease in platateunt and

haematocrit

Severe Dengug?

Patients from endemic area with fever of 2-7 ddys p
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Severe plasma leakage; leading to shock, fluidraatation with respiratory distress
Severe bleeding as evaluated by clinician

Severe organ impairment; liver enzyme aspiratesaianinase or alanine transaminase

ALT >_ 1000 unites, with loss of consciousnessythaad other organs.
2.8 LABORATORY DIAGNOSIS OF DENGUE VIRUS INFECTION

There are various diagnostic methods used for tieteof Dengue virus
antigen or antibodies, which help in early diagaasi the dengue infection, helpful
for proper management of the patients in clinieakc surveillance of serotypes and to
know the outbreak. Clinical profile may be simiaith the other viral infections, so it

is important to diagnose the disease in laboratéty.

Importance of the laboratory test lies in senditi@nd specificity. At present
various test are done to detect the antibodiesbgem, rapid test card test, ELISA
are one of them. Virus isolation and RNA detectowuery much specific and specific

antibody detection from patients sertim.

Laboratory test may be classified / divided intiedent types: a. Virus isolation
from blood or serum samples, b. Serological test detection of Antigen or

Antibodies, C. Rapid methods and d. Newer methdtsadvance technology?

a. Isolation of Dengue virus from blood or serum samm@s*? Isolation

of virus can be done from serum, blood, plasmafyBedat, autopsy specimen
(liver, spleen, lymph node etc), helpful in earlgghosis when antibodies are
not developed. IgM is the antibody developed onfterab to 7 days of

infection, so virus isolation becomes importanthe initial phase.
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Isolation of Dengue virus can be done on variodslices in tissue culture,
animal inoculation and mosquito inoculation.
Tissue culture/ cell culture: Various mosquito cell lines are used for
cultivation of dengue virus eg. C6/36 @& albopictus, AP61 of A
pseudoscutellaris are used, as well as animal cell lines Tra-284A-CLand
LLCMK2 are used for primary isolation of virus froptasma & serum of the
patients. Detection of the virus in the cell cudtus done by florescence,
which is one of the time consuming methods repldne®T- PCR, which is
more sensitive and specific and less time consummg®%"
Animals used for isolation of dengue virus:

Mice with severe combined immunodeficiency, sudkliMice and
Monkeys are used for isolation of Dengue virus founhd to be less sensitive

and the virus grows slow in the Mice and is morst ceffective!?®

Serial
inoculation may increase the sensitivity. Paralysighe limbs is seen and
extraction of dengue virus can be done from br¥erious experimentation
are been done to isolate the virus in animal modbeis have very less
infectivity and low viral growth?#+%

Inoculation of dengue virus in mosquitoes:

A.aegypti, Toxorhychtiessplendens, A.albopictus are the mosquitoes used for
inoculation and isolation of dengue virus. Intrafdcic inoculation is done
and virus is extracted by squashing the head ofmb&quitoes and detecting it
by immunofluroscence or by flow cytometry, companihave been done by

few of the author§®®****3!Neutralization test can be done for quantation of

the dengue virus in culturé
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b. Serology for diagnosis of dengue virus:

Complement fixation test (CFT)% one of the test very useful in
identification of primary infection but not the sexlary infection. This test is based
on the Ag- Ab complex is formed and the C is uéitizy the reaction, to perform this
test highly trained person is needed. This is wést is not used now a day for

detection of dengu¥.

Complement fixation test is seen second to theeBlil &s it is short lived and
can detect the initial phase infection. In somaepds$ low level antibodies may be
present for long time. The antibodies to CF appestarand remain unstable. This test

is useful in primary infection rather than secondafection.

Partiv k et al have used Complement fixation testilie detection of isolated

virus and confirmation of the isolate from the hunsarum, and mosquito.

Hemagglutination test® This was one of the commonly used test for
diagnosis of primary and secondary dengue infeatiotine last few decades, major
drawback of this test is it needs paired sera aoslscreaction is seen it means this is
one of the less specific test and may cross redlstother viral infection. As this test

needs minimal equipments and is easy to perfSrm.

The Haemagglutination test is based on the priadimht the dengue virus can
agglutinate the goose RBC at specific temperatadeRH, and elution can be carried

out by addition of specific antibodies.

The antigen is derived from the brain tissue ofkBog mice or from the
infected mosquito and then the serum is testedaftibodies. Antibody titer more

than 10 can be detectable by this test and bye5d@ys after infection.
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In primary infection the titer remain below 1:64@dathen on progress usually
the titer increases rapidly in the initial phasendéction. But lack of specificity of the

Haemagglutination test is the major problem.

ELISA (IgM, 1gG &IgA): Detection of IgM from blood, serum and plasma is
routinely done in the laboratory for detection adrigue virus infectioff***Y As IgM

is an antibody which only appear after 4 to 7 dafysfection in the patients serum,
detection is only possible after 5 days of infectam not helpful in early diagnosis.
Many studies have showed the appearance of IgMday3 and rise in titer up to 2

weeks?

IgM ELISA is one of the capture ELISA in which Ighhtibodies are detected
in patients serum by using a solid phase boundh@éintan antibodies and substrate
enzyme conjugate is used to detect a colorimegactron. Various formats of this test
are available e.g. Ultra micro ELISA, Au Bio DotMgcapture ELISA, dipstick
method Pan bio and J Mita co. kits are availabtedgtection of IgM in serum and

Plasma®!

These are very simple and easy to do test on eutases and helpful in
detection of primary and secondary infection, blgwation the OD and cut of value.
90 to 98 % sensitivity is seen and specificityassl as it can cross reacts with the

other flaviviral group virug!

IgG ELISA for detection of Dengue Virus infectiathetection of IgG will help
us to rule out the primary and secondary infectad four fold rise in the antibody
titer in paired sera will let us know the stagehs# disease. This test is also based on
enzyme conjugate and substrate with chromomeridtsebased on solid phase. This

is one of the non specific tests as it can croastrand mimic the hemagglutianation
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test. These test are not routinely used and now #ne not done to differentiate

primary and secondary infectiéh*?

As per the WHO guidelines 2009 the OD of IgG : IgMess the 1: 2 is
termed as primary infection and if OD greater tha@ is called as secondary
infection. The ratio may vary depending on the stafjinfection and clinical status
and the serotype infected. Initial classificatioh Rrimary and secondary dengue

infection was dependent on IgM to 1gG unités.

The ratio of IgM/ 1IgG ratio were more in Primaryngpared to secondary
infection. Pan Bio kits showed the best result lassification of primary and
secondary infection in Dengue, which was confirm®d Laxmi et al in their
study*3¥ Advantage found by using this kit was single saniplsufficient, there is
no need of paired sera. And the disadvantage wffcualue is variable and virus

serotype cannot be determinéd.

IgA can only be detected after one day of IgM @paece, as the half life of

IgA is less it remain undetectable after the apgece?’
ELISA (NS-1):

NS-1 ELISA: this is one of the nonstructural protéund in initial phase of
infection and can be detected in the initial phalsthe diseases and can be detected
uptO 8 days, as the half life of NS1 is more, i te detected. Instead of going for
PCR and isolation of virus in the acute phase eflengue viral infection we can do

NS-1 ELISA for early diagnosis of the Diseage.

NS-1 is a solid phase Enzyme linked immunosorbssayawhich is based on

direct sandwich principle, the polystyrene microllsveare coated with the Anti
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dengue NS-1 antibodies, which are specific and idensto detect even minute

amount of NS-1 antigen. Patients sample contaithiegAg is added to the wells and
to which enzyme conjugate is added along with whicimtain monoclonal anti

dengue NS-1 antibodies attached with horse radesbxplase (detecting system).
Those serum sample having antigen will bind toahtgbodies in the well and forms a
sandwiched structure only positive sample rematached to the well while those
serum sample doesn’'t have the antigen will gehedoff by buffer wash. The intact
system in the micro titer can be detected by anldlibf the substrate and after addition
will show the chromogenic reaction. The optical gignis read the intensity of the

colour present in the well represent the amouniN8f1 antigen present in the

serumt®

Datta S et df° studied the NS-1 assay and its efficacy on 60@mpist sample
and they found NS-1 assay to be more help full etection of the dengue viral
infection in early phase of the disease and whersémum sample are negative in the
acute phase for IgM and IgG antibodies the posytivicreased to 93.10% with Mac

Elisa when compared with rapid card method.

Kassim et d*° have compared both ELISA and PCR for the deteatfoiie
Dengue virus infection in the acute phase wherfotied NS-1 antigen detection was
equally good in comparison with RT- PCR and sho@@Pb result. So he concluded
that in many peripheral laboratories where IgM as& as a sole diagnostic method
for the detection of the dengue virus infection-N&Iso can be done for the detection

so that it can improve the positivity.

Pei Yun et df” used NS-1 rapid kit for the detection of denguessinfection

among the air travelers and found to useful in c&te of the acute infection and
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found 17 cases positive by rapid test which werdicoed by PCR and found to be

correct.

Singh MP et & compared NS-1 by ELISA with RT PCR and IgM antippod
detection in the patients with dengue. Where N®iteation was found to be the early
marker, which they could detect up t8 4day of infection while IgM was only
positive after 4 days and 75% to NS-1 positive sasere positive by RT PCR,
stating that accurate and ease detection of theyuZeniral infection in the acute

phase.

There are many other methods used for the deteofidengue virus in early
and late phase, as well as for detection of Antayeth antibodies. Like Luminescence
based optical fiber biosensor, monoclonal antibdeghnique using mAB4E11,
natural cytotoxic receptor lg, Microsphere basednime assay and Biosensor

technology using mass spectrométty.
Neutralization test for Dengue Virus:

This test was developed by Halstead and Nislakdiygusuckling mice. The
major advantage of this test is that it is a spedést and very sensitive, used for
identification of Primary Infection, but its coshd expertise needed, become the

major disadvantagd:*%°
Plaque reduction Neutralization test for dengue:

This test was first used by Nislak and Haslstedvinss neutralization by its
antibodies showing plague formation. This test \Wase to detect the serotype of
dengue virus and was considered as gold standatd bte WHO. The major

disadvantage of this test is cross reaction witheotvirus. Also needs separate
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dilution tubes, time consuming, separate stainiroggdures for counting of plaques.

Also needs laboratory expertise and standardizétioprocedure$?®4*

This test is based on the principal of interactbthe dengue virus and its antibodies
and as a result there is inactivation of the viagsthat it is no more infective and do

not replicate in cultur&®

Difference in the results of the virus isolationdameutralization test is seen, as it

basically depends on the virus stain and the ie&tlused for cultivation of the virus.
Western blotting assay:

This test is based on prM protein detection preasrthe outer most layers of
the Dengue virus and detection is based on substratyme procedures where the
sensitivity and specificity was very low. The seéngly was 24% while specificity

was 98% in Dengue virus detectiA.
Loop mediated isothermal amplification method for &engue diagnosis:

This is one of new method which didn’t need anyhhémd instrumentation,
but based on Reverse transcriptase —-LAMP. WhereMCgene or serotype specific
3’ un-translated region is used for amplificatioy bsing a water bath with
temperature between 60 to°65for amplification, where turbidity is detectedtfwthe
help of dye. Major advantages of this method iscrnmss reactivity is seen. It is
sensitive as RT- PCR. Reaction time is less il@our and serotype can be identified

as well as viral load. It is a simple and easy meth**?
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RT-PCR:

Reverse transcriptase Polymerase chain reactios:is one of the most
sensitive and specific method for detection virusirculation during the acute phases
of the disease where antibodies are not detectatalevhere virus isolation becomes
cost effective and needs the high grade laboratbfehis test includes three steps i.e
RNA extraction and purification, Amplification ofugleic acid and detection of the
amplified product. This needs expertise and speeidlequipments and trained staff
technical. Chances of contamination are more atyestep and needs sterile zone to

perform the test 4
Nested PCR*

Serotype specific primers are used in this whecarit detect multiple serotype

in the single reaction. prM / C region of viral g@es used for Rt and amplification .
Multiplex PCR %

This is used instead of Nested PCR for detectiomuwitiple serotypes, on gel
documentation detection system and can be presamddstained with ethidium

bromide dye.
Real Time Polymerase reactior’:

One of the methods now a day’s used for the detedtf viral RNA. This is
one of the quick, specific and quantitative methodslA Fluorophores, hairpin
ologonucleotide probes and amplicons are most widskd in this test. Tagman
assay i.e 533 Ologonucleotide probes are usedsamsed universally for detection of
all four dengue serotypes. These techniques asedban nucleic acid detection

which is specific but chances of false positivigslin same group of organisms.
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Nucleic acid sequence base amplificattot-*° This is one of the methods
which detect the Target RNA and runs at 41 deges¢igrade and is more useful in
detection of Dengue virus RNA from the tissue. @ngplification of the nucleic acid
is done at 41 degree centigrade and amplicon ectiet in Agarose gel, other than
this we can use electro chemilunesecne, enzymediglel assay. Advantage of this

assay is it can amplify and can be used for sedugnc

Recently developed kits based on immunochromatbgrgpincipal and have
short duration of detection with 20 min results ¢@nobtained and also can detect
both antigen and antibodies. Specificity of thes kit good but sensitivity varies from

kit to kit, 147148

Yee ling lai*®

have studied the dengue virus by detecting thegDervirus
RNA by RT-PCR in early phase of the disease tangetie cDNA derived from the
dengue RNA. Which forms the basis of the molecdiagnosis of the dengue viral

infection, validation of the test was done by losample collection during 2004 to

2006 and 87% of positivity was observed.

One of the study carried out by Abdul Rehman &f.alleveloped the PCR kit which
was able to detect the all four serotype in twep 2 PCR. They used whole blood
for detection of RNA. They have used all the NSesipve samples. 100% positivity
was seen by this which detected serotype 1, sasty® and also detected the mix or

multiple virus infection with serotype 2 and sepmy3.
Rapid diagnostic kits and dengue positivity:

There are many rapid diagnostic kits available detection of IgG , IgM

antibodies and NS-1 antigen. They don’t needekifierson; they are rapid showing
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results in 20 minutes and can be performed easilich can even be performed at the

PHC level where laboratory facilities are not aabie>*

These kits are easy to handle but stored at redqeiesterature and in outbreaks and
epidemics as well as different areas they can beedato get the test done on the

spot.

These kits are based on the principal that théadyi from the patient’s serum when
incorporated in the test kit will attach the recamalmt dengue virus particle
conjugated with colloidal gold and forms a compt#xAntigen and antibody. This
Ag- Ab complex is captured by relevant anti humammunoglobulin IgG/ IgM

immobilized on the test kit and develop s a coling when migrate along with the

by capillary actiort>?

Seok wang et &l%evaluated the commercial kit with ELISA, RT PCR attid
and made a brief comparison between these kits. sihdy comprised of 420
suspected patients with dengue viral infection. pa@ent serums were positive by
RT-PCR, while 300 serum samples were positive bySBLand the commercial
Dengue Duo kit showed 298 serums positive for Ig0\8-1 and 1gG. The positivity
noted for IgM was 98.75% while NS-1 positivity wé8.65%. He concluded that the

Dengue duo test is highly specific and sensitivegared to RT-PCR and ELISA.

A study was conducted in Delhi in 2010 by Subhasdl ¥* where he use the
rapid single step immunochromatigraphic test faed@on of IgG, IgM and NS-1 in
dengue suspected cases. A total of 1800 patiernts te@sted 1208 were positive for
NS-1 in different combination. The sensitivity aggecificity was found to be good

and concluded as a useful tool for tackling the nsthe suspected cases.
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Sensitivity and specificity of the rapid test, ERSnd its correlation with
clinical cases as per the WHO definition was dopétamila devi R et &* where
they found rapid test are less sensitive but areerspecific then the ELISA. This
study was conducted in Dengue suspected caseedsublimber of cases was positive,
only 16 cases were positive by rapid test and X4bthe same gave positive results

by ELISA.

Jayasmiha et @ did a study on comparison of ELISA and rapid Kis
detection of dengue viral infection where theydds?26 samples of which 150 were
positive by ELISA. Positivity rate by rapid test sv&6% with 80% sensitivity and
87.16% efficiency, and concluded that rapid test fva used for screening of dengue

infection.

Hematological parameter:

As dengue patho- physiology includes the platetet @her immune cells so ,
a complete blood count, TC/ DC, clotting time blegdtime, platelet count and total

haematocrit become important for progression ofdieease.

Platelet count blow 100000/ul is called as thronybmuenia with is seen in dengue
viral infection and estimation of platelet count hglpful to manage the patients
usually plate count drops in DHF and there is aegardrop in Platelet below average

in 3 to 8 days of infection and further recovergégn>.

A study conducted by Francisca et al, they compt#redlinical condition in dengue

viral infection and different stages of the diseas®d correlated with the
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hematological parameter and found that platelehtdapletion one seen in DHF and

DSS. Also noticed high heamatocrit with haemocotregion >’

In a study by Aggrawal S et'at who studied in comparison the clinical and
haematological profile of the dengue viral outbredkhere 56 patients were studied
and he found the major association of high hemataerd low platelet count in

dengue infection.

Most of the laboratory studies on dengue infectamd laboratory parameter
comparison it shows that the high prevalence of &taorit and low platelet count is

seen in babies and young adults aged up to 16.years
Dot blot assay

Commercially available dengue antibody dot bloavsilable in market with
can detect the antibodies and a study conductethisntechnique Cuzzub et al
compared the dot blot technique with IgM and IgGI$A, he found the dot blot
technique to be more sensitive as compared to ELi#ere as IgM ELISA was
more specific for JE. In detection of Dengue vigection Dot blot and ELISA

showed 100% results but ELISA was the more speaifit sensitive>®

Sahrruachaman et'& study on semi-quantative dot assay for IgM antjbod
detection against dengue in human sera used Doy dengue antigen which is
simple method wise and also rapid in performaneehis study he reported 23 cases
of primary infection, 48 case of acute secondafgation and 33 recent dengue
infections stating that this methodology was magasgtive in detecting secondary

infection when compared with HI.
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2.9 Dengue and Differential diagnosis (WHO dengue guidelines for

diagnosis treatment and prevention. 2009)

Dengue infection common signs and symptoms maynmielee the other
clinical conditions like: Flu like illness may barslar which is seen in Influenza,
Chikunguniya, HIV, Measles, infectious mononucleosic. Rash may be seen in
scarlet fever, Chikunguniya, Measles, Rubella etbdominal symptoms may
resemble Rotavirus diarrhea and other enteric fiaieclike bacterial, parasitic or

fungal.

Critical conditions in dengue may also mimic withaldlria, Leptospirosis, Typhus,

Typhoid, HIV, septic shock, malignancies like acigigkemia and other malignancy.

2.10 Management of Dengue fev&t: (WHO dengue guidelines for diagnosis

treatment and prevention. 2009)

As there is no treatment for the dengue viral inde; management of the
patient by supportive therapy becomes the pricaiy fluid supplement in case of
critical cases becomes must, as it can led to doatmns. So appropriate

management, depending on the phase of the diseasest.

Therefore few guidelines have been made by WHQHertreatment of the dengue
patients depending to which group they belong &ophtients can be categorized in 3

different group®?

Group A: comprises of the patients with no compiaa who can remain in home
and take treatment.

Group B: patients who needs to be managed in thpitadb
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Group C: comprises the patients who need emergesaiyment.

Dengue fever management is symptomatic by givingpwetic; Aspirin is
contraindicated as it may cause vomiting acidosés gastritis. Sponging can be done
to keep the body cool with bed rest. WHO in 200% Imaade 3 categories for

management of dengue patients and are divided BsSAS.

Group A comprises of patients who can take in oral rehtyaiteand can pass
urine every six hourly and warning signs are netspnt. They should take oral fluids,
juice and other oral rehydration for maintenancesagar level, antipyretic can be
given and instruct patients about warning signs t@fidhem to come to hospital if
warning signs are observed at home. Full blood tamd Haematocrit should be

suggested.

Group B comprises of patients with warning signs. In ttase first take the
hematocrit of the patient and then start rehydnatiRinger lactate or Hartmann sol is
given 5-7 ml/ hour reduced to 2-3 ml/kg/h accordingthe clinical status of the

patient. Blood count and haematocrit should be ssiggl.

Re-assess the hematocrit and clinical feature dfethis same status of
hematocrit, continue with above rehydration. Glécdevel and LFT, KFT and
coagulation profile should be assessed. Dependinge patient condition oral or IV

rehydration should be continued even in patienteaut warning signs.

Group C includes the patients who need emergency treatienethtreferral
because of the sever dengue. The patients withresedangue should be admitted in
hospital under observation, where Intensive cark dood transfusion facilities are

available. In cases with hypotensive shock collosddare given IV.
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Hematocrit should be observed if patients are rabls and bolus fluid
administration or increase fluid. Shock manageméspends on type of shock

separate guidelines are there for DHF, DSS and DF.

DHF average grade management: which is febrilegobashe disease, can be
managed by antipyretics and oral or IV rehydratiotil the patients tolerate. Instead

of water, fruit juice should be givef®

Management of DHF in febrile phase can be done bgervation of

hematocrit, if not HB should be checked.

DHF grade | and Il %% Dengue fever patient with thrombocytopenia should
be hospitalized and observed for signs of shockdJoutput should be checked and

other wise Grade Ill and IV management regime ghbeldone.

Management of DHF grade Il and 1V; Patients withde 11l and 1V should
be given Oxygen. Examination of patient and hemdtahould be done and
immediate rehydration should be done. Patients |[dhbe preferably treated with
colloidal solution like Dextran. If continuouslydte is decrease in platelet count and
hematotric, transfusion should be made availabtially fresh whole blood is given
10ml/kg for patients with shock as a precautiomagasure. Steroids don’t have any
role in recovery of Dengue infection. IV antibodee® of no use. There is no specific

treatment for Dengue.

162,163,164,165

2.11 Antiviral drugs

Direct antiviral administration can be preferreckiib the virus, but at present
no specific antiviral drug is available, many atpgsnare been made to develop the

antiviral against Dengue virus, but the drug shookdequally effective to all the
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serotypes of the virus. Seaweeds, polysaccharittactx are studied and are under

research to know its antiviral activity. Ravbvir,Azauridine are the cytostatic and

control dengue virus replication.

There are many challenges to develop the antidimag which includes, these
drugs should be active against all serotype angkiserotypes, must be easily taken

orally should be heat and moisture stable, shoadehlong shelf life with low

production cost.

The drug should be good, safe to handle and sheoild in both gender and
all age group, must be active against all serofyk genotype present. Also must be

effective in all stages of disease like primary aadondary dengue infection.

2.12 PREVENTION & CONTROL OF DENGUE VIRUS INFECTION *®°

No specific treatment against dengue virus is abéal whatever so treatment
is done are symptomatic and vaccines are alsovaifable, they too are under trial

phase. Mosquito control is one of the method byctvlidengue virus transmission can

be stopped.

How to reduce breeding éfedes mosquito: This can be done by improvement
in the water storage and supply. Prolong storageatér is the major cause for the

multiplication of the mosquito. Timely changing whter from the stored container
may break the cycl¥’

Proofing of over head water tanks, underground mstigrage or containers
should be proofetf’

Empting the container regularly and filling freshater after washing will

reduce the multiplying mosquitoes.
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Personal prevention®®

Cloths made from thick fabrics should be worn esdlgcwith long sleeves

and trousers and stockinj&

Mosquito repellent mats, coils and house hold isiees should be sprayed
to reduce the load, electric vaporizers are aviglabn be used. Natural or chemical

repellents can be used for the killitfg:*"°

Travelers especially should take care while travglto the endemic areas as
they may themselves carry the virus with them,voic infection, screened stain or
air condition room should be preferred, use of mdsgepellent cream and coils in

stay places and protective clothing.

There are many other methods to destroy larval fofrmosquitoes so that
trans-ovarian transmission can be broken, likedgichl methods to control larvae by
using microbes likeBacillus thuringiensis H14 & Bacillus sphaericus which have

been found to effective in destroying the larvahian the watef/*

Nematodes have been used to destroy the larvalsfadBambusia affinis,

Poecilia reticulate fish are also used for control Aédes larva.!™
Copepods (small fish) are used to eliminate laimath from the storage containers.
Adult mosquito can be killed by insecticides andentpesticides alsd®’

Chemical controls can also be used to eliminatartbequito; drinking water storage
container can also be treated with the chemicahtag® avoid the growth of larval

form in water. They are mainly of three typ&s

Bacillus thuringiensis H-14 can be used as a lavicidal and is safe forams.

BLDEU Vijayapura. Page 49



Review of Literature

Temephos sand granules: one percent temephos casellein the 1ppm dosage is

effective in 8-12 weeks, especially in earthen pais.' 2

Insect growth regulators can be used to controlgrimevth of mosquito where in it
interferes with the chitin synthesis during the gass in larval molting and cause
disruption of the pupd/® Thermal fog and cold fogs can also be used to alestre
mosquito by spraying in the space where in theldtag this space spray can Kill the
Ae. Aegypti. These thermal droplet fogs are of 15 micron whendensed at high

temperature’31%

2.13 Dengue Vaccine§®”

As there are no models to detect the dengue vaaffieacy and antibody
dependent pathogenesis become the important cbelllem development of dengue

Virus vaccine.

Vaccine if developed should be tetravalent as dertas four serotypes and

all should be included.

Tissue culture vaccine and recombinant vaccinaiader trial since 2003 and

other than this 6 various workers are still working/ards viral vaccine for dengue.
Live attenuated vaccine for dengue:

Many efforts have been made to develop the dengeeine, first such
initiative was done in Hawaii by using non humandeldor serial passage of dengue
virus for production of vaccine and further develgmt was done by Mahidol

University Bangkok!’®
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Walter reed Army Institute and research center thtanted development of
tissue culture vaccine at the same time. Apart ftbim a vaccine with recombinant,
live, attenuated, tetravalent vaccine was undal. ffirials were imitated in Asia and
Latin America to check the efficacy of the vaccihese given 0,6 and 12 months
schedules, which involved children of age group42ykars. After the third dose
efficacy increased from 56% to 80% and overallceffy taken by the committee was

60%. But the Antibody response increased in therseand third dos¥."®

This vaccine reduced the burden of hospital, thephalization rate was
reduced in the age group 2 to 16 years, but innAskase trial 3 the®Bdose efficacy
was low. In Thailand the vaccine was safe but faile protect against DENV-2

infection and there was large variation in proteefmmunity in various serotype&

An inactivated dengue viral vaccine has got manyaathges; they are safe
and won't revert as like there are chances ofviaecine to get converted into virulent
strain. Dengue virus -2 attenuated vaccines condbinth adjuvant is used for trial in
monkeys and mice, where high level of antibody tgvaent and protection against

virus is observed.

A live attenuated tetravalent vaccine is been damerl by Sanfi Pasture
Chimeri vax dengue vaccine. Where in prM and E gafall the four serotypes are
stable and are less neurovirulent, the YFV 17Diamdunogenic in monkeys. Phase |

study showed better results but now phase Il sh@®@étl effect and efficacy.
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Recombinant vaccine for Dengué?’®*"®

Envelope gene (E) & prM genes are used for theymtiah of recombinant
vaccine, as these are the portions of the viruasgirand help in attachment of the
virus to the host cells. Chemeric vaccine is dgwetbin such a way that includes the
genes of all four serotypes. CDC has developed sachine including E and prM
gene of all dengue virus serotypes. The vaccinebleas licensed In Viragen and

Takeda respectively has undergone successful @litrial.

USA has developed the vaccine derived from themdooation using Yellow
fever vector, technology known as chimerl Vax teitbgy for dengue fever. Envelop
and prM gene of Dengue is combined with the yeltewer 17 D full length genome
which is replaced by Dengue virus genes. Immungorese trialed in monkey showed
good results with the mono valent vaccine of indlidl serotype vaccine of Dengue.
But DENV-2 response was good as compared to 1, d3 4arserotype, balanced
formulation is needed to develop good immune respam monkeys and then human

trials should be don&®

Inactivated Dengue Virus vaccine is under trialceimany years as they have
various advantages over live vaccine e.g. thesenstrdo not show reversion and
cannot show change in phenotypic character and ¢hayeasily be combined with
other serotype and chances of mixing within semtgpless. Also good humoral and
cell mediated immune response is there. One oflitedvantages of this vaccine is
that, there may be immune enhanced pathogenesibraatdown into wild type.
AS03 and AS04 are the two adjutants now a day'sl dse vaccines licensed for

human uset’®
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Subunit vaccines are tried and first phase triavisr in USA against DENV-1

and its safety and efficacy is been checkéd.

DNA vaccine are made up of plasmids containing dengrus gene, trial
taken in monkeys using multivalent vaccine showaded antibody response. In
recent studies on rhesus monkey model by DNA vacsiowed good results. But the
major disadvantage is that there is risk of genegmation in host chromosome and

further which may lead to autoimmune antibodi@s.

Vectored vaccines recombined with poxvirus and adens is used to
demonstrate strong response in human against gamathogens. Alpha virus,
vaccine virus, adenovirus are use to design antheagthe dengue virus envelop
vaccine. Moreover E protein expressed in insecemsly and virus like particles

dengue virus vaccine have been under test anchdes pre clinical trial studie’s’

Even though the knowledge about dengue virus patiegjs and virulence is
increased and lot of research is ongoing, stilltagiay we don’t have a licensed

vaccine against dengue virus.

2.13 Changing pattern of dengue virus:

Dengue virus is emerging and prevalent in Indimyast in all states, all the
four serotypes are present in India. Chances ofomafiection and multiple infection
is common and the severity of the disease is imtkas where multiple serotype are
co circulating at a given time. Also changing sgpet circulation during the years is

observed in many places.

Ekta G et & in the year 2003 to 2005 in Delhi have seen tlagimg pattern

of the serotype with predominance of serotype 30@5. She has reported circulation
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Review of Literature

of all the four serotypes in the year 2003, in year 2004 only dengue serotype -1

was isolated, while in the year 2005 the predontisarotype seen was DENV-3.

Since 1997 dengue serotype-1 was observed, inmioitpyears, 2004 multiple
serotypes were isolated from North India. Alsositabserved that last 2 decades

DENV-3 was responsible for epidemic in Srilanka,tihaAmerica and East

Africa,1>180
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Aim and Objectives of the study

Aim: To evaluate the utility of Serodiagnosis of denginas infection and correlate

results with demographic, clinical and laboratorgofije in patients clinically

suspected of dengue infection

Objectives:

1. To evaluate the performance of rapid immunochrograjghic test in
detecting antibodies to dengue virus and its corspar with reference
antibody capture assay (MAC - ELISA)

2. To evaluate the usefulness of NS-1 antigen foryedihgnosis of Dengue
Infection.

3. To detect dengue viral RNA by PCR using whole blaodserum from

patients in acute phase and know the possibilimoltiple serotype infection

among dengue patients.
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4 1Material and Methods:

4.1.A Type of study and period: This is a cross sectional study done from the

year 2012 to 2016.

B. Study population:

» Patients attending with symptoms of dengue viréation from rural and
urban area attending OPD’s of Medicine and Pediatepartment of Bidar
Institute of Medical Sciences teaching hospitat/aBi

* The study protocol was approved by Institutionahi€& Committee and
informed consent was taken from the patients befollecting the samples.

C. Sample sizeThe sample size (h=1000) was estimated with anat@fde
prevalence of Dengue as 15% with 4% absolute poeciand 95%
confidence interval. An interim analysis was catmeit and the estimate
from the interim analysis was used to modify thegsie size.

D. Inclusion criteria: cases of both sex and all age group with Fevant Jo
pain, Myalgia, Arthralgia. Two or more signs as @O criteria were
included in study.

E. Exclusion criteria: cases of known etiology eg. Malaria, Typhoid,

Chickunguniya etc were excluded.

4.2. A Sample collection:

* 3 to 5 ml blood sample was collected under aseqraitions from all
patents suspected of Dengue infection and was ativid two vials,

plain and vial containing EDTA.
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B. Sample processing:

Hematological analysis: Blood in EDTA vial was subjected after
homogenization to fully automated cell counter &tedt the Platelet
count, haematocrit, TC and DC.

Serodiagnosis:Blood collected in plain vial was allowed to cland
serum was separated for detection of NS-1, IgM lg@ antibodies by
rapid card method and ELISA.

After rapid test was done, the serum samples wesepred at80°C

until ELISA and PCR was done.

C. RAPID TEST

Collected serum samples from suspected cases wdjected for

detection of NS-1, IgM and IgG by using (J. Mit@do. New Delhi,

India kits). Manufacturer’s instructions were folled to carry out the
test.

Dengue NS-1: Three drops of serum was added taritigen well and
results were observed within 20 minutes.

Dengue IgM and IgG: 10 ul of serum sample was adoéke antibody
well with help of dropper provided with proper paetion, then 2 drops
of Dengue Antibody buffer provided was added towdl(buffer well)

of the antibody card. Results were observed at i20tes.
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Interpretation of results of rapid test: the results were interpreted as

follows

For NS-1 Ag:

* Non-Reactive : Development of pink color line onty control (C)
region

* Reactive: Development of pink color line in Tesh @d control (C)
region.

* Invalid: No color development in C (control) regioon the kit

membrane.

Interpretation of IgG and IgM rapid test:

If IgM and IgG reactive: Pink color band in “M” 3" & C region
* If only IgG positive : Pink color band in “G” & CGegion

* If only IgM positive: Pink color band in “M” & C rgion

* If non reactive: Pink band in C region only

» Invalid test: if no band in C region.

D. MAC-ELISA

* All serum samples from suspected cases positiveegative by
rapid test were subjected to ELISA for NS-1, IgMdalgG (Pan

Bio), manufacturer’s instructions were followedctrry out the test.
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Procedure for NS-1 ELISA

Micro-titer plates were brought to room temperature

Wells were labeled, first well were left blank, aimdsecond well
negative control were added.

Calibrator was added td“3and 4" well and to the fifth well positive
control was added, fromf"évell samples was added.

10Qul diluents were put into all well except the blankll and wells
were covered and incubated af@&%r one hour.

Wells were washed with wash buffer for 5 times umomated
washer

Then 50ul of working conjugate was added to each exeept the
blank and incubated at %7for 1 hour, then washed with buffer
again.

100pl of TMB substrate was put into each well and iretigll for 30
min at room temperature

10Qul of stop solution was added to each well contgniiviB.

Absorbance was calculated in ELISA reader by ugb@nm filter.

Calculation and interpretation of NS-1 ELISA results:

e Cut of value was calculated, taking the mean ofodi@nce of

calibrator.

* Index value taken by dividing the sample absorbdmnceut of value

(index value = sample absorbance/ cut-off value)

BLDEU Vijayapura. Page 59



Material and Methods

Calculation of Pan bio units was done by multiptyindex value by

10.(Pan bio unit= Index value x 10)

Pan bio unit Result
<9 Negative
10-11 Equivocal
>11 Positive

Test procedure for IgM and 1gG ELISA :

in 2.5 ml of diluent was added)

test at Room temperature.

with wash buffer.

All the wells were brought at Room Temperature #mel wells were

Antigen was diluted to 1/250 with antigen diluenbyaded (10ul of Ag

Solution became pale blue in colour in IgM ELISAdaed in IgG when
Antigen was added to Antigen diluent.
As per the requirement and number of test, antiyas mixed with

equal volume of MAD tracer in a sterile clean \aald preserved until

Control and patents serum sample were added to walth, covered

and incubated at 3@ for one hour. Wells were washed for six times

10Qul of Ag monoclonal antibody tracer was added tcheaell
Plate was covered and incubated &c3@r one hour

Again the plate was washed with wash buffer fantes
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e 10Qul of TMB substrate was added to each well and iated at
Room temperature for 10 minutes
e 10Qul of stop solution was added to each well and repavas

taken by using 450nm filter in ELISA reader.
Calculation and interpretation of IgM & IgG ELISA r esults:

» Cut-off value was detected by taking the mean aodiance of three
calibrator and multiplied with calibrator factor.

* Index value taken by dividing the sample absorbdnceut of value
(index value = sample absorbance/ cut-off value)

* Pan bio units were calculated by multiplying indeue by 10.(Pan bio

unit= Index value x 10)

Index (IgM) Pan bio unit (IgM) | Result ( IgM)
<0.9 <9 Negative
09-1.1 0-11 Equivocal
>1.1 >11 Positive
Results of IgG

<1.8 <18 Negative
1.8-2.2 18-22 Equivocal
>2.2 >22 Positive

Calculation of OD to differentiate between Primaryand secondary dengue

» Samples positive for either IgM antibodies and Ig® antibodies by
ELISA were used for differentiation of primary asdcondary dengue

viral infection.
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* OD of IgM antibodies / OD of IgG antibodies, whialas calculated as
per WHO guidelines
* IgM : IgG ratio greater than 1.2 were consideredPasnary Dengue

Infection (PDI)

* IgM : IgG ratio less than 1.2 were considered asois@ary dengue
infection (SDI)

E. Molecular diagnosis:
* Serum samples positive for NS-1 Antigen by ELISAreveubjected
for detection of viral RNA by RT- PCR.

» Serotype specific primers were used for identifamatof dengue

virus serotype.

» Dengue RNA was identified in 119 NS-1 positive s&sap

Dengue virus RNA extraction:

*  QIAmp RNA mini kit (Qiagen Valencia, CA, USA) wased for RNA
extraction.

» For conventional PCR, serotype specific E-NS1 megiomers were
used; viral RNA was then reverse transcribed to ADEnzymatic
DNA amplification was done by use of MOMLV reversanscriptase.
For RT of viral RNA to cDNA before Taq polymerasmg@ification,

corresponding reverse primers of the particulanset used.
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Primer and Probe used for Molecular study:

Initial viral quantitation was done using real-tirRER to see that there
were enough viral loads to carry out amplificatiand sequencing
reactions. The primers (Eurofins genomics) weregiesl to target the
3 prime un-translated regions on the dengue veabgie. The primers
were combined in the required ratio with the cqroesling Tagman
probe (Eurofins Genomics) to make a common screggmimer- probe
mixture (ppm). The primer probe mix also contaipeidhers and probes
for a housekeeping gene (internal control regidf)C dye channel
were used to see the internal control probe, \-&)NA amplification
signal were seen in the FAM channel on real-timehiree.

Viral load for all serum samples was detected.

Serotyping by serotype specific primer-probe mixr(Eins Genomics)

was done to separate serotype.

Procedure:

0 150ul of serum sample was taken in a microc tube

o 560ul AVL buffer was added to the sample and incethat 25c
for 10 min

o Sample were transferred to the high pure filter etuénd
centrifuged at 8000rpm for 15 seconds

0 560 ethanol was added to the tube and pulse vartéoe 15

seconds
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o0 RNA precipitation was obtained which was transfeérte mini
column QIAmMp.

0 50ul of elution buffer was added to filter tube andubated at
RT for 1 min

o Centrifugation of the tube was done at 8000 rpmiLfarin

0 Which yielded the final RNA extract
Viral RNA extracted from the serum was converted tocDNA for RT- PCR
detection
Procedure:

Viral RNA was reverse transcribed to ¢ DNA by us&keverse transcriptation

kit (Applied Biosystem fosta city CA, USA)

SS DNA was prepared by using dengue specific primes
5-TCAATATGCTGAAACGCGCGAGAAACCG-3(511) and
5-TTGCACCAACAACAGTCAATGTCTTCAGGTTC-3 (511)

0 10ul of RNA and RT master mix was used
0 Reaction was set on thermo cycler using serotypecip
primers and temperature at’@Zor 10 min

o0 Visualized on 2% agarose gel, images of gel ruavoe({Fig 4.)
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Figure no 5 Gel run of Dengue virus RNA

According to sample no. el run of all sample _ [ Band size is 500 bp )

SN 54l TI6 564 M 58 596 306 601

Dengue virus serotyping

* Demgue virus serotyping was done using cDNA syntheks|
e 1:10 diluted cDNA was used template
» Second round PCR was set using Dengue serotypdismetners anc

temperature chart belo
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Table no: 3 Dengue serotype specific primers andrtgerature chart

Serotype

Primers

PCR program

Product size

DEN -1

D1-1229F

98 — 5min x 1
95%-30s x35

D1-1710R

5% — 30s
72%c-1in
72% -5min x1

482 BP

DEN -2

ENVF-PO1

98¢ — 2min x 1
95%-30s x30

D2R-PO1

5% — 30s
72 -2in
72% -7min x1

455 BP

DEN -3

D3-1307F

98 — 5min x 1
95°c-30s x35

D3-1867R

5% — 30s
72% -1min
72% -5min x1

881 BP

DEN -4

D4-1954R

98 —5min x 1
95%-30s x35

D4-1760F

5% — 30s
72%c -1min
72% -5min x1

195 BP
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Phylogeny, sequencing and Restriction analysis

* The phylogenetic relation between the isolates geaserated by using
NCBI blast tree view software and is based on rmghoining tree
type. Consensus sequences were generated for aagilesand were
checked for molecular confirmation in the Pub Mesing NCBI-

BLAST tool (https://blast.ncbi.nim.nih.gQv

» Sequence alignment : the obtained sequence dataswgected to
multiple sequencing alignment using Clustal W safev(to check the
mutations in the envelop and prM gene)

* Insilco restriction digestion: sequences were subge to restriction
analysis using Vector NTI software. The uniquessBam H1 and Ncol

sites were selected to generate restriction map.
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Analysis of data and statistics
« One way Annova test was done, to analysis the megidollowed by

post hoc “t” test was done to determine the sigaiice difference

between the group

* SPSS software version 22.0 (IBM Corp. Released 2048 used for
data analysis. IBM SPSS Statistics for Windows,siaT 22.0. Armonk,
NY: IBM Corp) was used to analyse the data.

» Chi-square test was applied wherever necessary panglue was
calculated.

» P-value<0.05 was statistically significant.
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Results: A total of 1000 Dengue suspected cases based on Wet@ue case

definition, fever plus one or more other manifastst were included in the study,

during the period 2012 to 2016.

DEMOGRAPHIC PICTURE: AGE, SEX, AREA, SEASON, CLINKL PICTURE

Table no 4. Age and Sex wise distribution of Totaduspected cases.

Chi-square =

Age inyears | Male Female Total

0to 15 91 (9.1%) 79 (7.9%) 170 (17.0%)
16 to 30 271 (27.1%) 220 (22.0%) 491 (49.1%)
31to 45 89 (8.9%) 102 (10.2%) 191 (19.1%)
46 and above | 77 (7.7%) 71 (7.1%) 148 (14.8%)

Total

528 (52.8%)

472 (47.2%)

1000 (100%)

4.149 DF (degree of freedom)B23= 0.330 not significant

Male to female ratio of Dengue suspected cases W&g, a total of 528

(52.8%) Male patients and 472(47.2%) female paiemere included, male were

more affected then female, but significant differemvas not seen. (Table no 4)

300
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250

200

150

100

50

0-15yr

H Male

B Female

16-30 yr

31-45yr
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Fig no 6: Year wise distribution of Dengue infectia suspected cases and number

of cases positive for Dengue serology (NS-1, IgM §G).

No. of dengue cases

450

400

350

300

250

200

150

100

50

0

Dengue positive cases year wise

i =5

2012 2013 2014 2015 2016
M Total no of cases 300 385 150 187 81
B No of positive cases 178 191 43 24 26

Fig 6 shows the total number of samples tested gaein and number of

positive cases every year, more number of casee ween in the year

2013(56.33%), followed by 2012(49.61%), 2014 (286$62016(32.09%) &

2015(12.83%), as the number of suspected casesalgereespectively more in

those years.
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Age & sex wise distributior: Out of 1000 suspected casd$2 samples were

positive for Antigm, Antibodies or positive for both N$-Antigen, IgM, IgG

antibodies, either by Rapid or ELIS Most of the cases were from the age gr

16 to 30 (51.1%) followed by -45 year (23.1%), 46 and above (13.2%)

0-15 year (12.1%). No gnificant difference was seen between male to fe

infection but male predominance was there withq8%) infection and femal

(46.96%)

Table 5:Age & sex wise distribution of Dengue seropositive cas

Age in years | Male (%) Female (%) Total (%)
0-15 31 (6.70 25(5.41) 56(12.1)
16-30 121(26.19 117(25.32) 238(51.01)
31-45 65(14.06 42(9.09) 107(23.16)
45& above 28 (6.06 33(7.14) 61(13.20)
Total 245 (53.03 | 217(46.96) 462(100)

Fig no 7: Age and sex wise distribution of seropositive cas
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Table no 6: Age, sex and yar wise distribution of Dengue ®ropositive case.

Age in| 2012 (n=178 | 2013(n=191) | 2014 (n=43) 2015(n=24P016 Total
years (n=26)

M F M F M F M F M F
Oto1l5 |08 06 16 12 03 05 01| 01 |03 |01 |56
16 to 30 | 49 55 52 46 08 08 05| 03 |07 | 05 |238
31to 45| 22 17 26 17 08 04 05| 03 |04 |01 |107
45and | 09 12 11 11 02 05 03| 03 |03 |02 |61
above
Total 88 90 105 86 21 22 14| 10 |17 | 09 | 462

Year wise distribution of seropositivity.: Dengue seropositive cases w

significantly more in the year 2013, 191(41.34%)lciwed by 2012

178(38.52%), 2014, 43(9.30%), 2016, 26 (5.62%) &R®@4(5.19%)Female

patients were more in the year 2012 while in rebttlhe years mal

predominance was seen, significant difference wasobserved Significant

decrease in incidence of Dengue virus infection wasn from 2012 t

2016(p<0.05).

Fig no 8: Age, sex ad year wise distribution of Dengue seropositive cas
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Observation and Results

Taluka wise distribution of dengue caseMore number of dengue positive

cases were from Bidar city (41.55%) followed by Hwabad (25.75%),

Baswakalyan (13.63), Aurad (10.17%) and Bhalki 7869.

Table no 7: Taluka wise distribution of dengue senpositive case

Taluka Aurad Bhalki Bidar Baswakalyan | Humnabad
No of cases 47(10.17%) | 41 (8.97%) 192 (41.55%) 63 (13.63% PE75%)
n= 462 (%)

Fig no 9: Showing Taluka wise distribution of Denge Seropositive cases.

M Aurad
H Bhalki
W Bidar
B Baswakalyan

B Humnabad
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Seasonal distribution of dengue casesignificantly more number of cases
were seen in post monsoon season, with highest emumbthe month of
September with a mean of 34 cases, followed by Au@uean 20 cases) and
October (mean 17.6) which was significant (p va®e05). According to the
number of cases suspected and tested more numlzarse$ was positive in
September 2013, followed by September 2012, 20054 22016 with a mean
of 34. No cases of Dengue were identified in thetnof April, May and June

in either of the year.

Fig no 10: Month wise distribution of Dengue posiiie cases.

Month wise distribution of dengue positive cases

25 A
\ / ]\

. [ [ a\ \
) /)‘/ N\ N\

number of dengue positive cases

Jan Feb M;rc April | May | June | July | Aug | sept | Oct | Nov | Dec
—0—2012 5 1 0 0 0 0 9 27 62 48 27 10
——2013 3 2 2 0 0 0 25 62 80 23 5 3
——2014 1 1 0 0 0 0 1 8 10 14 6 3
=>=2015 0 0 0 0 0 0 0 3 18 3 0 0
—#=2016 2 0 0 0 0 0 10 8 5 0 0 0
—@—mean | 10.2 | 0.8 | 0.4 0 0 0 7 20 34 | 176 | 7.6 | 3.2
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Clinical presentation: Seropositivity and classifiation according to 2009 WHO:
Maximum, number of cases were Dengue with warnimgnss 255 (55.19%),
195(42.20%) belong to Dengue without warning signd 12 (2.59%) showed sever

dengue infection.

Table 8: showing classification of seropositive cas percentage.

Categories of Dengue Dengue seropositive cases (%)

Dengue without warning signs 195 (42.20%)

Dengue with warning signs 255 (55.19%)
Severe dengue 12 (2.59%)
Total 462 (100%)

Table no 9: Clinical manifestations of total seropsitive cases and seronegative

cases.

Signs and Seropositive | Seronegative | Total (n=1000) | p- value
symptoms (n=462) (n=538) (%) | %

Fever 462 (100) 538(100) 1000 (100) 0.96
Malaise 256(55.41) 193(35.87) 449(44.9) 0.00
Headache 289(62.55) 122(22.67) 411(41.1) 0.00
Retro-orbital pain 254(54.97) 62(11.52) 316(31.6) .000
Nausea 165(35.71) 39(7.24) 204(20.4) 0.00
Vomiting 24(5.19) 08(1.48) 32(3.2) 0.02
Abdominal pain 174(37.66) 28(5.20) 202(20.2) 0.00
Diarrhea 53(11.47) 16(2.97) 69(6.9) 0.00
Spleenomegaly 15(3.24) 00(00) 15(1.5) 0.00
Hepatomegaly 22(3.24) 00(00) 22(2.2) 0.00
Cough 32(6.92) 10(1.85) 42(4.2) 0.00
Dyspnea 41(8.87) 06(1.11) 47(4.7) 0.00
Rhinorrhea 38(8.22) 02(0.37) 40(4.0) 0.00
Congestion 16(3.46) 00(00) 16(1.6) 0.00
Myalgia 267(57.97) 122(22.67) 389(38.9) 0.00
Joint pain 246(53.24) 181(33.64) 427(42.7) 0.00
Bone pain 119(25.75) 00(00) 119(11.9) 0.00
Maculopapular rashh  15(3.24) 00(00) 15(1.5) 0.00
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H sero positive

H sero negative

All the seropositive patients were suffering froavér 100% ,62.55% had headac
55.41% malaise, 54.97%etro- orbital pain, 37.66% abdominal pain, 11.4
diarrhea, 35.71% nausea, 57.79% myalgia,53.24% jam, 25.75% bone pai

3.24% splenomegaly, 4.76% hepatome

Fever was most common symptom followed by headauolyalgia, retr-orbital pain

nausea and vomiting.
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Serology: NS-1, IgM & IgG positive cases alone onicombination

Observation and Results

39.61% cases were alone NS-1 positive, 25.56% Wvepoisitve, 20.56%

cases were IgG positive, 8.56% were NS-1 & IgM fpasi 2.38% were NS-1

and IgG positive, 1.94% were IgM & 1gG positive an@6% were positive for

NS-1, IgM and IgG.

Table no 10: Total number of cases positive for Amgen and Antibodies &
in combination

25
20
15
10

—&— Positive percentage

NS-1

IgM 1gG
IgM

NS-1& NS-1 NS-

IgM &

&IgG 1,1gM IgG

&lgG

Sr. | Test name Number of positivg percentage
no cases
1. NS-1 Antigen 183 39.61 %
2. IgM Antibodies 120 25.56%
3. lgG antibodies 95 20.56 %
4. NS-1 and IgM 40 8.65 %
5. NS-1 and IgG 11 2.38 %
6. NS-1, IgM and IgG 04 0.86 %
7. IgM and IgG 09 1.94%
Positive percentage

45

40

-

30
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Comparison of Rapid card test with ELISA:

100%positivity was seen by ELISmethod for NSt, IgM and 1gG detection, rap
card method showed 98.90%, 98.33%, 97.89%, 95% a&&iivity for NS-1, IgM,
IgG, NS4&IgM, IgM & IgG respectively. ELISA method was spc and sensitive
compared to rapid card method which was specific less sensitive. Significa

difference was not set¢

Table no 11 Cases positive by Rapid method and ELIS

Sr. | Test name Number of positive| Percentage
no cases
Rapid card | ELISA Rapid ELISA
test
1. NS4 Antigen 181 183 98.90% | 100 %
2. | IgM Antibodies 118 120 98.33% | 100 %
3. | lgG antibodie 93 95 97.89% | 100 %
4. NS4 and Igh 60 64 97.82% | 100 %
5. NS4 and IgC 11 11 100 % 100 %
6. NS4, IgM and IgC | 04 04 100 % 100 %
7. |IgM & 1gG 09 09 100% 100%
T =-0.038 DF =10 value = 0.971 not significant.

Fig no 11: showing no of seropositive cases by Rdpnethod and ELISA.
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Table no 12: Comparison of sensitivity, specificityPPV and NPV of ELISA with

Rapid Immunochromatographic test.

Test Result by Positive Negative Total | Sensitivity | Specificity | PP | NPV
rapid by ELISA | by ELISA (%) (%) \Y; (%)
(%)
NS-1 Reactive 234 0 234 76.64 100 100 99.48
Non reactive| 04 762 766
Total 238 762 1000
IgM Reactive 169 0 169 82.90 100 100 99.62
positive | Non reactive| 04 827 831
Total 173 827 1000
lgG Reactive 117 0 117 88.20 100 100 99.88
positive | Non reactive| 02 881 883
Total 119 881 1000

NPV: Negative predictive value PPV: positive preditve value.

All samples positive by rapid test were also pesitby ELISA, no false

positive results were shown by Rapid card methodafm rapid test positive

and ELISA negative). If ELISA is taken as standainé, specificity and PPV of

rapid test was found to be 100%.

Sensitivity of NS-1, IgM and IgG by Rapid card nadhwas 76.64%, 82.90%

and 88.20% respectively when compared with ELISAe NPV was 99.48%,

99.62% and 99.88% for NS-1, IgM and IgG respecyivel
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Early and late Dengue:

NS-1 positivity was more in cases with onset afaélis in 1 to 7 days, which

was significant in comparison with IgM detectiontlwp value <0.05. While

the rate of detection of IgM increased after 8 dgys$o 14 days of illness.

Table no 13: showing NS1 and IgM positivity in eagl and late stages of

laboratory Diagnosed dengue cases.

Day of post onsetf NS1 positive IgM positive Chi DF | p-value
of illness square

1to 7 days 241/247(97.57%) | 10/184 (5.43%) | 364.27 | 01 <0.05
8 to 14 days 06/24 (2.42%) 174/184 (94.56%)| 82.325 | 01 <0.05

Hematological parameter:

Platelet count was significantly decreased in denggropositive case with a

mean of 75200 cell/mi TLC was significantly decreased with a mean of

6520 cells/mm While the sero negative cases showed the megelailaount

of 1,75,000c/mrh

Table no 14: Showing hematological picture in Dengu seropositve and

seronegative cases.

Hematological Dengue Seropositive Dengue seronegative P value
parameter (n=462) (n=538)

Hb (mmHg) 11.5 12.3 <0.05

TLC (cells/mm?®) 6520 10456 <0.01
Hematocrit 40.1 43.2 <0.05
Platelet (cells/mni) | 75200 1,75,000 <0.01
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Comparison of hematological parameter with NS-1 IgM and I1gG

positivity:

Significant decrease in mean platelet count (4268lmnt) was seen in
patients with NS-1, IgM & IgG all positive. Followdy cases positive for IgM
and IgG both with a mean of (55000 cells/firPatients with only 1gG

positive showed a mean platelet count of 1,25,@08/mn?.

Table no 15: Showing the various seropositive casesd its comparison

with hematological parameter

Hematological | Ns-1 IgM 19G NS-1&|IgM & | NS-1& | NS-1, | P
parameter positive | positive | positive | IgM 19G 19G IgM & | value

positive | positive | positive | 1IgG

positive
HB 12.2 115 12.0 12.05 11.2 11.45 12.1 <0.05
TLC 6121 6520 6852 6441 6752 6985 6258 0.6

Hematocrit 39.1 37.57 39.05 38.10 36.12 37.15 38.15 <0.05

Platelet count | 75000 | 67150 125000 71800 55000 62000 42000  <0.01
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Results of Molecular study:

Only NS4 positive samples weisubjected for RNA detection, of which 1
samples showed different serotype RNA. Of the tdid® Dengue RN/
detected 38(31.93%) belonged to Dengue serc-1, 46(38.65%) belonged

serotype2 and 35(29.41%) were serot-3. Dengue serotyp-4 was not

identified from our sample

Table no 16 Showing different serotypes isolated from testedamples

Total DENV-1 DENV-2 DENV-3

119 38 (31.93% 46 (38.65%) 35 (29.41%)

Fig no 12: Dengue serotype isolated percentage w

Dengue virus serotype isolated

m DENV-1
m DENV-2
m DENV3
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Demographic Picture of Dengue virus serotypel, 2&3:

Age,sex and Taluka wise distribution of Dengue case(Fig no 14)

Maximum number of cases were from the age grouBQLgears, 30-45 years

& 45 and above with DENV-2, DENV-3 & DENV-1. Ageaup 0-15 years

were affected with DENV-1, DENV-3 &DENV-2.There wam significant

difference in Male to female ratio of DENV serotyipéection.

Table no 17: Showing details of Demographic studynal Dengue serotype.

Parameters Total case DEN-1 | DEN-2 | DEN-3 | Chi- DF p-value
(n=119) (n=38) | (n=47) | (n=35) | square

Age wise

0-15 19 (15.96%) | 08 05 06 3.125 02 0.210

15-30 62 (52.10%) | 17 26 19 1.096 02 0.578

30-45 28 (23.52%) | 09 11 09 1.289 02 0.525

45 and above | 10 (8.40%) 04 05 01 0.092 02 0.955

Sex wise

Male 71 (59.66%) | 22 29 20 0.483 02 0.786

Female 48 (40.33%) | 16 17 15

Taluka wise

Aurad 04 (3.36%) 03 01 00 3.319 02 0.192

Bidar 80 (67.22%) | 20 35 25 4.516 02 0.105

Humnabad 22 (18.48%) |06 06 10 3.118 02 0.210

Bhalki 06 (5.04%) 03 03 00 0.607 02 0.738

Baswakalyan | 07 (5.88%) 06 01 00 7.748 02 0.021

Taluka wise serotype detection:

More number of cases of Dengue serotype -1 werereéd in Baswakalyan

and Bidar. All three serotypes were isolated frondaB and Humnabad,

serotype 1 and 2 was isolated from Baswakalyan,lkBlemd Aurad and

serotype -3 was seen in Bidar and Humnabad.
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Year wise dstribution of serotype: (Fig 1%)

Changing trend of serotype was seen from 2012 tb20engue serotype
was seen throughout the years but ser-1 was seen in 2012 to 2014 ¢

serotype3 emerged in 2014 and was seen in 2015 and .

Fig no 13: Showing year wise Dengue serotype preence
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Table no 18: $iowing year wise Dengue serotype prevaler

Year | Total DEN-1 | DEN-2 | DEN-3 | Chi- DF p-value
case (n=38) | (n=47) | (n=35) |square
(n=119)
2012 |12 12 00 00 19.611 | 02 0.000
2013 |33 15 18 00 4.450 |02 0.108
2014 | 26 11 12 03 1.032 |02 0.597
2015 |22 00 10 12 17.694 | 02 0.000
2016 | 26 00 06 20 0.193 |02 0.908
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Serotype and hematological picture:

Hematological assessment revealed that the meaelgtl@ount was less in
DENV-2 (67150 cells/s/mm3), followed by DENV-3(718Qfells/mm3) and
DENV-1(75200 cellssrmm3) (p<0.05). Hematocrit was537in DENV-2, 38.10

in DENV-3 and 39.01 in DENV-1 (p<0.05)

Table no 19: Correlation of dengue serotypes with dmatological
parameters

Hematological parameter DENV-1 DENV-2 DENV-3 P -value
Hb (mmHg) 12.2 115 12,5 <0.05
TLC (cells/ mm®) 6121 6520 6441 0.6
Hematocrit 39.01 37.57 38.10 <0.05
Platelet count (cells/ mm) 75200 67150 71800 <0.01

Clinical picture and dengue serotype 1,2 &3: (Tabld.9)

Clinical manifestations of patients were comparath whe dengue serotype
identified from 119 samples, which was statisticalhalyzed by Chi-square
test. Malaise was a predominant symptom in DENVpX0(05), while

headache (p<0.001) and retro-orbital pain (p<0.0&re predominant
symptoms in DENV-2. Gl symptoms (nausea, abdonpiaat, and diarrhoea)
were also significantly observed in DENV-2(17.0244%0.05). Respiratory
symptoms (cough, dyspnea, rhinorrhea and congéestiere more commonly
seen in DENV-3 infection. Masculoskelatal symptqmyalgia, joint pain and
born pain) commonly observed (p<0.05) in DENV-2hnv@9%, 78.72% and
53.19% incidence, respectively. Maculopapular nasls frequently (p<0.05)

seen in DENV-2 (12.07%).
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Table no 20:

manifestations.

Serotypes isolated and its comparisonvith clinical

Signs and| Total DENV-1 DENV-2 DENV-3
symptoms cases (n=38)31.93% (46) 38.65% (35)29.41 %
(n=119) No. % No % No. %
Fever 119 (100) | 38 100 46 100 35 100
Malaise 63(52.94) | 10 26.31 |23 50 30 85.71
Headache 78(65.54) |11 28.94 |44 95.65 |23 65.71
Retro-orbital pain 64(53.78) | 17 4473 |31 65.95 |16 45.71
Nausea 44(36.97) | 07 18.42 37 78.72 |00 00
Vomiting 04(3.36) |02 5.2 60 24.25 | 00 00
Abdominal pain 42(35.29) | 08 21.05 |32 68.08 | 02 5.71
Diarrhoea 09(7.56) |00 00 09 19.14 | 00 00
Spelnomegaly 15(12.60) | 05 13.15 |10 21.27 |00 00
Hepatomegaly 12(10.08) | 03 7.89 08 17.0 20 12.85
Cough 08(6.72) |01 2.6 30 2425 |05 14.28
Dyspnea 08(6.72) |00 00 06 12.76 |02 5.71
Rhinorrhoea 06(5.04) |01 2.6 30 2425 |03 8.57
Congestion 04(3.36) |00 00 01 2.1 20 38.57
Myalgia 62(52.10) | 18 47.36 |42 89.36 | 02 5.71
Joint pain 53(44.53) | 12 31.57 |37 78.72 | 04 11.42
Bone pain 34(28.57) | 09 23.63 |25 53.19 | 00 00
Maculopapular rash | 06(5.04) | 00 00 06 12.70 |00 00
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Molecular analysis Results of Sequencing of DEN-2 and DENV-1
» DENV-2 detected from North Karnataka resembles thenstrigiolated fron
Singapore in the year 20
 DENV-1 detected in the year 2014 and 2015 had sequencioas in ¢
couple of isolates which indicates existence ofeheariant with the genoty,
» DENV-3 could not be sequenced due to insufficient gensegeienc:
Fig no 14: Dengue virus isolate D2/SG/CT36/013 polyprotein gene, compet

cdsSeqeence ID: KX380829, length:10722. Range 1:2025 toZ
GenBankGraphics.

Score Expect Identities Gops
745 bits(403) 0.0 410/413(99%) 1/413{0%)
Query 2 ARCHCAARCCRCTATCAGCC TGO ACCATARC TOCCRACTACRATETCACCRCTOOCACTE 62

Sbhjct 2493 ERCRC-ARCCRCTRATCRCEC TR U RTART TUCURARTACAR TENCECEACTCCCRCTR . ~Z3TE

Query €3  ATACTAGTCACRCACACGETGAGETECTACSTERATTCATICCTATCCATGTGATGACRE 127
ERRAREE 11 N ARRRARARNERRARANIE
Sbjct 2377 ATACTAGTGACRCAGACAGTGAGGTGCTACSIGARTICATICCTATCCATGTGATERCRR  231F
Query 123 CTOCTATGAGEATTTTCATAGTCCATGRGATCCCACTGARGGCRAGCCCCRTAGATIGOTC 152
Sbjct 2317 CTCCTATGRGEATTT TCATAGTCCATERGATCCCAC TRARGECREOCCRTRGATTGOTC | 2258
Tuery 182 CRARARCTIGETGGAGEECCTTTCCTATAGATETGRATACTOCTOOCAGGGRTOCARRRT 242
IRE RN IRRERN IRRRRE IRRERE! ARERE 111
Sbict 2257 CRRRAACTTGGTGGAGGGOCTTTOCTATAGATGTGRATACTCCTOOCAGGGATOUARRAT 1138
Query 243 COCRGECTETETCACCTARRATGECCRTICTCTTCRCTCCTCTCATTGITETCTICGARCR 302

Sbjct. 2187  SORGEC I T e A AR A T G TR T N T T TORC T CTCTCATT I TETCICAACE 2538

Cuery 303 ITTEROCGRTIGAG IICCT I T ARACCRACCTEAGTTICASTTETCCCEETICTACTL 362
111 PLTLEL Rttt aetii st iitnnintt
Sjcw. 2127 ITTeeOUER T TR T T CCT T T TTARRCC AR TEARCTICRET TGN CCCEETTCIACTC 2078
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Fig 14 represents pair wise nucleotide sequenggmaént of current strain of

DENV-2 was analyzed using nucleotide blast softwevalable on NCBI website. It

shows 99% match with the GenBank: KX380829.1, Dengirus 2 isolated

D2/SG/CT36/2013 poly protein genes, complete cddated in Singapore. The

sequence generated was aligned.

Dengue 2 isolate was also compared with the fewortapt isolates worldwide using

multiple sequence alignment on the vector NTI safev The data is below.

Table no 21: List of important isolates worldwide sed for multiple sequence

alignment.
Virus isolated ID no. Gen Bank Accession no  Country year
NGC (prototype) AF 038403 New Guinea 1944
P9-122 L 10043 India 1957
S-4452 L 10048 Seychelles 1977
ARAC-8110827 M 15075 Jamaica 1982
S-10 L 10051 Somolia 1984
ThNH- P14/93 AF 022439 Thailand 1993
838/96 AY 593237.1 Delhi 1996
Cook Island-1 AF 004020 Cook Islands 1997
P7-863 U 89517 Malaysia Unknown
D2/SG/CT36 KX380829.1 Singapore 2013
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Fig no 15: Multiple sequence alignmenof DENV 2 isolates with the conservel

region highlighted in yellow

20351
AF004020 [1244)

The multiple sequence alignment of all the isolates with the conserved region highlighted in yellow.
AY383227 (2
Lld048 [11135)

GCTACG

G-CTA

GCTA
L10051 [1113) G-CTA

{75) CAGAC GIGAEGTG-CTACGTGA—-P.T---—-TC&TTCCT&TCCATG GR

110043  [1115)
AF02243%  [20351)
FJ38036%  [2029)
M13075  (2051)
TESSLT [1853)

o ra

&
&
&
&
&
& GCTA
& GCTA
& GCTA
& GCTA
& GCTA
G

Consensus  [2051) CATICGEAGACA GLTACATCATCATAGGRAGTAGAACCGEGACAATIGAR GCICAACTGGTITAAGARAGGAAGTIC ATCGGCCARATGTITGAGACAR

IT A
IT A
IT A
TTICEEA

TTICCTATAGRIGTEAATACTCC

2151
AF004020 (1243) c
AY583237 (1az2) C
110048 [1214) C
L10051 [1214) 2 C
(156) CCCCRTP.ELTTGCTEC
C
C
C
C

L& [1214) TGABGES
AF0Z243%  [21350) f
FJ38036%  [(2128) B
M13075  (2150) AEAC
TESSLT (2054) & C

Consensus  [2151) CRATGRGAGGAGCGA BEL.GMTGGCEETITTAGGTGLC&C?.GECTGGG& TTTI‘GG.!LTECCIGGGE.GG&GTETTC!LCBTCT.&TP.EGBA&GGET CICC

2251 2200 2350
AFO04020  [1433) BECREET {
aY583227 (188) BAEC
LL0048  (1210) EEC
Ll0051  (1210) EEC
[253) GTCACCTAARATGGCOC GGCCGATIGAGL‘I‘TECT T 6
110042 (1210)
AF0Z2435  (2246)
FJ200365  [2224)
ML5075  (2246)
UESSLT  (2L50)

:ﬂ:ﬂb‘b‘:ﬂb‘:ﬂ:ﬂ:ﬂb‘

AFOD4020 (1533)
AYF83237 [#:3-0:}]
110048 [1410]
L10051 [1410]

110042  (1410)
AFOZ2435  (2346)
EJ280365  (2324)

MLEOTE  (2246)

UES51T  (2250) . :

Consensus (2351 acsuscaccmc'rsTCTGIGTuJ;:nG:mTTaGTGGGasT::GTGacac TGTATTI‘GGGB.GTTBTGGIGC&GGC c

o The phylogenetic relation between the isolates was generated using NCBI Blast tree view software and it is based on neighbour joining tree type.

As observed on the multiple sequencalignments the query sequence bl:
result and the phylogenetic tree, it can be assuhmdhe E_NS1 region of tl
guery D2 isolated is very much similar to the is®lBorm Singapore identifie

in 2013. However the close proximity of the queriND 2 isolate ono the
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Delhi 1996 isolate (which was earlier classifiedtbg authors as genotype V)

phylogeny shows that it may have evolved verymdgeand is a genotype IV.

Fig no 16: Showing Results of Multiple Sequence Ajnment of Amplified regions
of DENV-1, conserved region highlighted in yellow.

Dengue serotype - 1 50
561-Drc (1)
596-Drc (1)
691-Drc (1)
716-Drc (1)
571rc (1)
15rc (1)
37 rc 1)
CTTGACCTTGGRGATKGGAGGTCGAGCCTTGGAGTTTGGAGKCACAGCCT
23rc (1)
Consensus (1)
51 100
561-Drc (1) GTTTGGATGTTGGGTGAAGGAGCTT
596-Drc (1) AGGTCTGGATGTGGGTTGAAGGAGCTT
691-Drc (1) --CCTTAGCTTTTTCCTTCCGGAGTTTTCAACTCGGTTGACGGAGCTT
716-Drc (1) ---------------- TCCTGAGIIGTTTGGATGTCGGCTGAAGGAGCTT
571rc (1)
15rc (1) OTTKGATGTCGGCTGAAGGAGCTT
37 rc (52)
MGGARTTTGGAKRTCGGGCGAAGGASY TKGATGTYKGCTGAAGGAGCTT
23rc 1) TITKGATGTCGGCTGAAGGAGCTT
Consensus (51) GTTT GATGTCGGCTGAAGGAGCTT
101 150
561-D rc (26)
GGAAACAGATACAAAGAGTGGAGACTTGGGCCCTGAGACACCCAGGATTC
596-D rc (29)
GGAAACAGATACAAAGAGTGGAGACTTGGGCCCTGAGACACCCAGGATTC
691-D rc (49)
GGAAACAGATACAAAGAGTGGAGACTTGGGCCCTGAGACACCCTGGATTC
716-D rc (35)
GGAAACAGATACAAAGAGTGGAGACTTGGGCCCTGAGACACCCAGGATTC
571rc (1) TCCCCOCCCATCC
15 rc (26)
GGAAACACGCOCAGAGGGTGGAGAGTTGGATACTCAGAAACCCAGGATTC
37 rc (101)
GGAAACAGATACAAAGAGTGGAGACTTGGGCCCTGAGACACCCAGGATTC
23 rc (24)
GGAAACAGATACAAAGAGTGGAGACTTGGGCCCTGAGACACCCAGGATTC
Consensus (101)
GGAAACAGATACAAAGAGTGGAGACTTGGGCCCTGAGACACCCAGGATTC
151 200
561-D rc (76) ACGGTGATAGCCCTITTTTCTAGCACATGCCATAGGAACAT-
CCATCACCC
596-D rc (79) ACGGTGATAGCCCTTTTTCTAGCACATGCCATAGGAACAT-
CCATCACCC
691-D rc (99) ACGGTGATAGCCCTTTTTCTAGCACATGCCATAGGAACAT-
CCATCACCC
716-D rc (85) ACGGTGATAGCCCTTTTTTTAGCACATGCCATAGGAACAT-
CCATCACCC
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571 rc (13)
GCGCTCCCGSCCCGCTCTCTCCCTTACACCCCCCCCEAAACTCGGATCC

15 rc (76) G&GCTCTIGGCAGGATTTATGGCTTATATGATTGGGCAAA-
CAGGGATCC

37 rc (151) ACGGTGATAGCCCTTTTCCTAGCACATGCCATAGGAGCAT-
CCATCACCC

23 rc (74) ACGGTGATAGCCCTTTTTCTAGCACATGCCATAGGAACAT-
CCATCACCC
Consensus (151) ACGGTGATAGCCCTTTTTCTAGCACATGCCATBBACAT CCATCACCC

201 250

561-D rc (125)
AGAAAGGGATTATTTTCATTTIGTTAATGCTGGTAACACCATCCATGGCC

596-D rc (128)
AGAAAGGGATTATTTTCATTTTIGTTAATGCTGGTAACACCATCCATGGCC

691-D rc (148)
AGAAAGGGATTATTTTCATTTTGTTAATGCTGGTAACACCATCCATGGCC

716-D rc (134)
AGAAAGGGATTATTTTCATTTTGTTAATGCTGGTAACACCATCCATGGCC

571 rc (63)
AGCGGAGGGTCTTCTCTCTTTCCATACCGCCCGTCCCCTCATCCCACGGA

15 rc (125)
AGCGGAGCGGTCTTCTTTATTTTAATAATGCIGGTTGCCCCATCCTACGGA

37 rc (200)
AGAAAGGGATTATTTTYATCTTGTTAATGCIGGTAACACCATCCATGGCC

23 rc (123)

AGAAAGGGATTATTTTCATTTTGTTAATGCTGGTAACACCATCCATGGCC
Consensus (201) AGAAAGGGATTATTTTCATTTTGTTAATGCTGGIACACCATCCATGGCC

251 300
561-D rc (175)
ATGCGATGCGTGGGAATAGGCAGCAGGGACTITGTGGAAGGACTGTCAGG
596-D rc (178)
ATGCGATGCGTGGGAATAGGCAGCAGGGACTITGTGGAAGGACTGTCAGG
691-D rc (198)
ATGCGATGCGTGGGAATAGGCAGCAGGGACTITGTGGAAGGACTGTCAGG
716-D rc (184)
ATGCGATGCGTGGGAATAGGCAGCAGGGACTITGTGGAAGGACTGTCAGG
571 rc (113) CCCGATGCGTTGGAGTGGCGAACAGAGACTC-
GTAGAAGGAGTCTCAGC
15 rc (175)
ATGCGATGCGTAGGAGTGGGGAACAGAGACTTITGTGGAAGGAGTCTCAGG
37 rc (250)
ATGCGATGCGTGGGAATAGGCAGCAGGGACTTITGTGGAAGGACTGTCAGG
23 rc (173)
ATGCGATGCGTGGGAATAGGCAGCAGGGACTITGTGGAAGGACTGTCAGG
Consensus (251)
ATGCGATGCGTGGGAATAGGCAGCAGGGACTTTGTGGAAGGACTGTCAGG
301 350
561-D rc (225)
AGCAACTTGGGTAGATGTGGTACTGGAACATGGAAGTTGCGTCACCACCA
596-D rc (228)
AGCAACTTGGGTAGATGTGGTACTGGAACATGGATGTTGCGTCACTACCA
691-D rc (248)
AGCAACTTGGGTAGATGTGGTACTAGAACATGGAATTGGTGTCAGCACCA
716-D rc (234)
AGCAACTTGGGTAGATGTGGTACTGGAACATGGAAGTTGCGTCACTACCA
571 rc (162) GGAGCATGGGTCGAT-TGCTGCC-GAACATGGAGGATGT-
TCACAACCA
15 rc (225)

TGGAGCATGGGTCGATCTGGTGCTAGAACATGGAGGATGIGTCACAACCA
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37 rc (300)
AGCAACTTGGGTAGATGTGGTACTGGAACATGGAAGTTGIGTCACTACCA
23 rc (223)

AGCAACTTGGGTAGATGTGGTACTGGAACATGGAAGTTGIGTCACTACCA
Consensus (301) AGCAACTTGGGTAGATGTGGTACTGGAACATGBSTTGTGTCACTACCA

351 400
561-D rc (275)
TGGCTAAAGACAAACCAAC ACTGGACATTGAACTCTTGAAGACGGAAGTC
596-D rc (278)
TGGCTAAAGACAAACCAAC ACTGGACATTGAACTCTTGAAGACGGAAGTC
691-D rc (298)
GGGGITAAGGACAAACCAAC ACTGGACATTGAACTCTTGAAGACGGAAGTC
716-D rc (284)
TGGCTAAAGACAAACCAAC ACTGGACATTGAACTCTTGAAGACGGAAGTC
571 rc (208) TGGCCCAGGGAAAACCAACCTTGGAT-
TTGAACCCATCAAAACTTCGGCG
15 rc (275)

TGGCCCAGGGAAAACCAACCTTGGATTTTGAACTGATCAAGACAACAGCC
37 rc  (350) TGGCCAAAGACAAACCAACACTGGACATTGAACTCTTGAAGACG-
AAGTC

23 rc (273)
TGGCCAAAGACAAACCAACACTGGACATTGAACTCTTGAAGACGGAAGTC
Consensus (351)
TGGCTAAAGACAAACCAACACTGGACATTGAACTCTTGAAGACGGAAGTC
401 450
561-D rc (325) ACAAACCCTGCCGTCTTGCGCAAACTGTGCAT-
TGAAGCCAAAATATCAA
596-D rc (328) ACAAACCCTGCCGTICTTGCGCAAACTGTGCAT-
TGAAGCCAAAATATCAA
691-D rc (348) ACAAACCCTGCCGTICTTGCGCAAACTGTGCAT-
AGAAGCCAAAATATCAA
716-D rc (334) ACAAACCCTGCCGTICTTGCGCAAACTGTGCAT-
TGAAGCCAAAATATCAA
571 rc (257) CCGAA---GTGGTCTTG-
GCCAACGGAACACCACAAACCTCCATATCAA
15 rc (325) AAGGAAGTGGCTCTGTTAAGAACCTATIGCAT-
TGAAGCCTCCATATCAA
37 rc (399) ACAAACCCTGCCGTICTTGCGCAAACTGTGCAT-
TGAAGCCAAAATATCAA
23 rc (323) ACAAACCCTGCCGTICTTGCGCAAACTGTGCAT-
TGAAGCCAAAATATCAA
Consensus (401) ACAAACCCTGCCGTCTTGCGCAAACTGTGCATGAAGCCAAAATATCAA
451 500

561-D rc (374NCACCACTACTGACTCAAGATGTCCAACACAAGGAGAAGCCACAC-
TGGT

596-D rc (377ACACCACTACTGACTCAAGATGTCCAACACAAGGAGAAGCCACAC-
TGGT

691-D rc (397ACACCACTACTGACTCAAGATGTCCAACACAAGGAGAAGCCACAC-
TGGT

716-D rc  (383NCACCACTACTGACTCAAGATGTCCAACACAAGGAGAAGCCACAC-
TGGT

571 rc (303) ATATAACCACACAA-CACGATGTCCAACGCAAGGAGA-
GCCATACCICAA

15rc (374ATATAACCACGGCAACARGATGTCCAACGCAAGGAGR-GCS---------

37 rc  (448) ACACCACTACTGACTCAAGATKTCCAACACAAGGAGAAGCCACRS-
TGGT

23 rc  (372) ACACCACTACTGACTCAAGATGTCCAACACAAGGAGAAGCCACAC-
TGGT
Consensus (451) ACACCACTACTGACTCAAGATGTCCAACACAAGGAAGCCACAC TGGT
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501 537
561-D rc (423pGAAGAACAGGACGCGAACTTTGGA CGACAATCTT-
596-D rc (428pGAAGAACAGGACGCGAACTTTGGGAE CGACGAACTT-
691-D rc (448pGAAGAACAGGACGCGAACTIGTGGCTACTAACTT-
716-D rc (432pGAAGAACAGGACGCGAACTIGTGGTCGACAAACGTT

571 rc (351) SAGGAACAAGTCAACCGACATCGC-CGAAAACCCTT
15rc (414)
37 rc (497 GGAAGAACAGGACGCCRASTTKGGGACGAACA-----
23 rc (421 GGAAGAACAGGACGCGAACTTTGTGKCRCAT------

Consensus (501) GGAAGAACAGGACGCGAACTTTGGG CGAC ATC

BLDEU Vijayapura. Page 93



Observation and Results

Insilico Restriction Digestion:

* The sequences were subjected to restriction asalgsng Vector NTI
software. The unique sites BamHI and Ncol sitesewselected to
generate restriction map.

* Ncol region was conserved in serotype-1 from oolaiges which can be

used for RFLP.

Insilico Restriction Digestion
 Dengue serotype -1, 2, E-NS-1 genes were subjectedestriction
digestion , where Ncol region was found conserve8arotype-1 when
compared with the other strains of Dengue serotyp2,3 & 4.
* The sequences were subjected to restriction asalgsng Vector NTI
software. The unique sites BamHI and Ncol sitesewselected to

generate restriction map.

* Ncol region was conserved site in serotype | framisolate which can

be used for RFLP.

Fig no 17: Representative Restriction Map of Serofge 1sequence

Ned(171) ‘N cd (276)

Dengue Pramod 596 rc
461bp
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Discussion

Analysis and Interpretation of Data:

Dengue is an important arthropod borne diseaserapidal and sub
Tropical region of the world, and is endemic in mpaountries. High incidence
of Dengue infection in recent year is seen in sobHst Asian regions.
Depending on various factors the south Asian regiare divided into three
categories:®® India is in category ‘A’ based on the severitydehgue as health
problem, Leading cause of hospitalization and deathchildren, All four
serotypes are found in India hence hyper endemicalRareas are more
affected.The first epidemic of dengue like illness was foumdChennai in the year
1780, but only in 1963-64 DENYV etiology was prowvedCalcutta and eastern coast of
India *¥%'®* The largest DF outbreak was seen in Delhi andosnding areas in
1996. This outbreak of DENV was of DENV-2, whichsMallowed by epidemic of
Dengue serotype-1 in 1997. Subsequent outbreakreyasted of co-circulation of
two different serotype-1 and serotype -3 in thery@803 *°. Karnataka has

experienced in recent years epidemic with all $qex in Bangalore, Mysore, Vellore

etc”.

As no licensed vaccine is available and treatmernly symptomatic, early
detection and specific diagnosis of Dengue casesrigimportant. This study
was carried out to assess the dengue seroposéaindyto know which serotype
is prevalent. Here by in the present study we epomplete demographic,
serological and molecular study, also the co-catoih of serotype-1 and 2 and

replacement of serotype 2 and 3 during the yea? 202016.
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Dengue incidence:

Incidence of Dengue varies in different parts a# ttountry, in the present
study we report 46.2% seropositivity, our findirgy® similar to Gupta et &fwho
reported 44.56% of seropositivity in Delhi, whil@ksmi et a* reported 34.17%,
Kalyanarooj et af*reported 34.88%, Saini et‘&lshowed the incidence of 35.64%.
Increase in Dengue cases is because of variousrdaethich include vector
transmission, sanitation conditions (poor sanitattmndition may lead to increase
incidence), rapid urbanization, and presence ofgnstat water reservoirs.
Subsequently from 2012 to 2016 we report decreagbd number of seropositive
cases, decrease in the seropositive cases maypksnexi, due to improved vector

control, sanitation and early diagnosis.
Age and Sex wise seropositivity:

Predominance of the disease among the male paigrdbserved in
many studies, Kamal et'&1 reported the male to female ratio of 0.72:1 irs thi
case females were affected more than male, whith Baal® in 2003 reported
1.28:1 and Raju et &P in 2003 from Tirupati reported 1.5:1 while Needa
al*® reported the male to female ratio of 2:1, our stsdgws 1.2:1 male to
female ratio which is in concurrence to previousorés of Pathankar et’&t
and Mehta et af°. Majority of the cases were observed in the agem16-30
years, this is comparable to the previous stud@s Dther regions by Gupta et
al®® Kaup S et &°, Saini et @ Raju et df°, Neeraja et a". This age group

is constantly exposed to the outer environment modquito vector, at work

place or travel. Infection in young adults resualtnion productivity and large
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number of DF cases in young age group indicatedidease is prevalent in the

region.
Seasonal variation in Dengue seropositivity:

We observed dengue virus incidence rate of 46.2%oun study
population. Dengue cases started in monsoon seasbmeached the peak in
September, which is post monsoon period. We hasgergbd the most dengue
sero positive cases with a mean number of 34 @assy September, followed
by August, October, November with a mean of 206,17.6 cases respectively
every year from 2012 to 2016. We could not findngle case of Dengue in the
month of April, May and June which is significap(Q.05). Which is similar
to the study done by Gupta ef%alLakmi et al***Ukey et af'®. A study
conducted by Amin et a° showed more number of cases in the month of
October to December i.e post monsoon season. Fathanat®® study shows
high incidence of DF in October followed by Septembnd November. In a
study by Sarkar et &f in 2012 dengue cases started in July and maximum
number of positivity was seen in November. Thibécause of the fact that
stagnant fresh water from August to October (ra@egson) favors the breeding
of vector mosquitoes. Hence, these months mustfieetigely targeted to

initiate preventive measures to control the bregdinmosquitoes.
Clinical presentation of Dengue seropositive cases:

In our study, fever was seen in 100% cases follolwgdHeadache

(62%), malaise (55.41%) Myalgia (57.79%), NauséaqB%), abdominal pain
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(837.66%), retro- orbital pain (54.97%). Our stuthpwed 100% fever which is
in correlation with the study by Singh ef®aBansal et af°, Dash et 4f and
Kale et al®® In our study Headache was the next prominent sympvhich
was found in 62.55% cases which is in correlatigth viDeora et af® and
Lakshmi V et a** where they found 67.79% and 74.2% respectivelyallis
was 57.79% which is similar to the study done byaet al and Sharma et
al*®” showing 54.23% and 45.91% of cases respectivelyut study Arthralgia
was seen in 53.24% which is in correlation with ghedy of Deor et al and
Fazal et df°. Nausea and vomiting reported by us is similahvifte reports
shown by Dash et al, Kumiria et®&nd Fazal et &° In present study
abdominal pain was major warning sign which is caraple with Aggrawal et
al®. In our study hepatomegaly and splenomegaly w#Z§%.and 3.24%
respectively which is in contrast with Kumar MP at® where he showed
33.1% cases and 27.13% cases respectively, our stucklates with Bansal et

al**®* and Sharma et al who showed 8.0% and 5.0% cases.

Platelet count and Dengue seropositivity:

Our study showed that 72.2% patient had platelenctess than one
lakh, which is similar to the study done by FazaalE® who reported 73% of
cases. While kulkarni et al reported 68.75% , Baasaf*® in 2014 reported
80.11% of cases, Tathe et*alin 2013 reported 81.72% of cases having
platelet count below one lakh. Significant decraaggatelet count was seen in
seropositve patients with a mean platelet count76200 c/mm when

compared with seronegative who had a mean plateleit of 1,75,000 c/min
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we also compared the platelet count with NS-1, lgihtl IgG positive cases
alone or in combination where we found the patievita NS-1, IgM and IgG

all positive had very low platelet count of i.e. 08®/mn? with a p value of less
than 0.05 which was significant, whereas IgM & IgGsitive cases had a mean
platelet count of 55000 c/minNS-1 &IgG positive had mean platelet count of
62000 c/mm, only IgM positive had mean platelet count of 603mn?, NS-

1 & IgM positive cases had mean platelet count 180D c/mmi, only NS-1
positive had 75000 c/mimand IgG alone positive had high Platelet count
compared to other i.e. mean 125000 c/mim proves the association of

thrombocytopenia with Dengue virus infection.
Rapid test vs ELISA:

When rapid Dengue card method was compared withSEKLfor
dengue, positivity of Dengue Ag or Ab was more WyFA, compared to the
rapid test, out of the 462 sample positive for Den®S-1, IgM or IgG or in
combination, all the test which were positive byl&A were positive by rapid
test. Significant difference was not seen, only nvbempared rapid test gave
98.90%, 98.33%, 97.89%, 95% and 75% with NS-1, ligfd NS-1&IgM ,
IgM and 1gG. Shrivastav et ‘af observed 26% positivity by ELISA and
16.56% by rapid card method, while Lakshmi P &tdbund 48% positivity
by ELISA and 32% positivity by rapid method. Allrsples positive by ELISA

were positive by Rapid card method.
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Considering ELISA as standard test according toliteeature, when
specificity, sensitivity and positive predictive lwa and negative predictive
value was estimated, ELISA was found to be moresisea and more cases
were detected when compared with rapid test. Butreest did not show false
positive reaction i.e positive by rapid and negatdy ELISA. 100% sensitivity
and PPV was determined by rapid card method, th@yds in correlation with

Laxmi P et a®? and Chakraverti et P,

Chakraveti V et af° reported rapid card test to be less sensitive than
ELISA. Jyasimah et &° reported 80.7% sensitivity and 100% PPV and
72.14%NPv of rapid over ELISA. Shrivastav et®akhowed ELISA as best
method for identification with62.55% sensitivity(9% specificity ,100%PPV,
88.9%NPV which is in correlation with our study.iFvariation of the results
in rapid card method may be because of differentpamy kits used and nature
of sample and duration of test and also crossirgpother flavivral diseases in
endemic areas. IgM to IgG ratio was used to deteznthe primary and
secondary dengue infection, the Optical densitjorgteater than 1:2 was
considered as primary infection and IgM to IgG caless then 1:2 was
considered as secondary infection as per the Wé@gol 2009. Parng et
suggest this as the best method for detectioniofgoy and secondary dengue,
but Pe Yen Shu et dlsuggested that cutoff value calculation to be best

distinguishing primary and secondary dengue.
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Early diagnosis and NS-1/ IgM which is better:

IgM capture ELISA is commonly used test in Indiaedto its cost
affectivity and ease of use. But here it is impoirted understand that, NS-1
antigen detection assay has an advantage of dgfeiiection very early,
however it disappears early also and is of litde in the early convalescence
phase when IgM is usef@. Seroconversion should be shown in patients to
confirm a case of acute dengue infection by sesoldg this study, NS-1
antigen alone was positive in 183 samples and Igisitpe in 120 but both
tests done on a single sample statistically ine@dbe positivity rate to 431.
Rapid test kits commercially available can detestINrom first 7 to 9 days of
infection, but IgM antibodies can be detected oafter 8 to 10 days of
infection, this is why NS-1 antigen capture ELIS@uld detect high number of
cases compared to IgM capture ELISA aléHé%%?°* Ns-1 Ag detection
decreased from 97.57% in acute phase to 2.42%riy @nvalescent sera and
detection rate of IgM increased from 5.43% in aqutase sera to 94.56% in
convalescence sera. Wattal and Gupta et al hawvetlseencrease in sensitivity

of detection when two assays were used on a siagiele 2%

Clinical manifestations and Dengue serotype:

Although the symptoms correlated with serotypeeobsd in our study
is similar to Dash et #and Kumaria R et d°. However, our findings are in
contrast with the studies reporting hemorrhagic ifeatations associated with

dengue serotype -4. In our study we could not tsatengue serotype-4 from
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serum samples. In the Present study we saw higteimce of Anorexia in
serotype 2 when compared to serotype 1 and 4. bieegaly was seen in
DENV serotype-2 , followed by 1,3 and 4. In thisidst, hepatomegaly was
more in dengue serotype2 followed by 3 and 1. Guil® serum samples
positive for dengue RNA, 38 belonged to DENV-1 atien, 46 DENV-2

monotype infections and 35 DENV-3 monotype infeasioonly four dengue
monotypic infected patients (age group 16-30 yesuffered from DHF which
can be explained by the absence of immunity agaithdhe four serotype of

dengue virus in these patients.

As Dengue virus is emerging and prevalent in lradmost in all states,
all the four serotypes are present in India. Chaimmfemono infection and
multiple infections are common and the severityhef disease is in the areas
where multiple serotypes are co circulating at @egitime is high. Also
changing serotype circulation during the yeardseoved in many places. Ekta
G et af*in the year 2003 to 2005 in Delhi have seen tlanging pattern of the
serotype with predominance of serotype 3 in 200&. Isas reported circulation
of all the four serotypes in the year 2003, in gear 2004 only dengue
serotype -1 was isolated, while in the year 20@5ptedominant serotype seen
was DENV-3. Mehta T K et & has reported in his study about co-circulation
of Dengue serotype -2 and serotype -3. Since 1@9iguk serotype one was
observed in the following years 2004 multiple s@pes were isolated from
North India. Also it is observed that in the lagtotdecades DENV-3 was

responsible for epidemic in Sri lanka, Latin Amarend East Africa.
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Parida et dl have reported the changing trend of dengue virus
circulation in the year 2004 to 2010, replacemdrDBNV-1 isolated in 2004
with DENV-4 in 2007 was observed and further in206currence of DENV-1
was seen, in 2010 it was replaced by DENV-3. Imbectvith more than one
serotype of dengue leads to severe infection. émmd of multiple serotype
infection has been reported from India. May bevmtial serotype may have
different genetic features associated with infetgtiand virulence, but not yet
proved. Partial protection with one serotype madiéo Antibody dependent
enhancement (ADE). Predominance of the serotypewanyaccording to the

herd immunity and competition in serotype infecting

During the years 2012 and 2013, the serotype peavavas DENV-1
and DENV-2. In the year 2013, 2014 and 2015 dispteent of DENV-1 was
seen. The present study shows the change in tbg/gerfrom one to another.
Our study is similar with the previous reports whehowed DENV-1 replaced
by DENV-4'' As the samples in our study were taken from habpétd
patients, the results may not actually tell thedpreinant serotype in the
population in a given year. However, as currertigré are not any approved
vaccines or therapeutics for dengue the treatnmentainly supportive. Hence
it is important to detect and know the spread & BF and its vector*>!%
Detailed study of circulating serotype will help tevelop, improved,
proactive, laboratory —based surveillance systelmst tcan predict and
impending dengue outbreak which will help to timatytiate preventive and

control measures.
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Rocha Hes<& states that comparative analysis of E gene, thNSE-
junction sequence using 6% divergence as cutotfevalgenotype within each
serotype have been linked with varying epidemieptéls. As DENV-2 and
DENV-3 originate from Southeast Asia, which cortelaith increased severe
dengue infection i.e. DHF and DSS in Latin Americo we need the

information of molecular epidemiology and phylogeny

As DENV-2 showed more severe clinical manifestatiohthe disease,
we tried to find out where it has come from, foriethPhylogenitic analysis
was done for DENV-2. phylogenetic relation betwed® isolates was
generated by using NCBI blast tree view softward snbased on neighbor
joining tree type, showed its close proximity toe tistrain isolated from
Singapore. DENV-2 and DENV-1 E- gene could be seqee and due to
insufficient genome of DENV-3 sequencing was nosgiade. DENV-2 E-
gene showed 16 base substitutions but it did nfectfthe phenotypic or
genotypic character, as all of them were silentatiors, this is in similarity
with the other authors who have observed mutatiomsore than 56 sites in E
gene and 120 mutations in prM gene from DENYA¥> DENV-1 did not
show significant changes in E- gene, but when coetbaith few important
isolates worldwide using multiple sequence alignimen the Vector NTI
software we found the Ncol region to be conserwealur strains. Which can be
used for (RFLP), and many such conserved sitegfareht strains will help us

in developing vaccine and future regime for dengugs Infection.
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Summary and conclusion:

» The present study showed incidence of 46.2% dewiguse infection in
North Karnataka.

» Significant decrease in incidence of Dengue vimfedtion was seen
from 2012 to 2016.

* Male patients were more affected than female pw&tieith a ratio of
1.2:1, 16-30 year age group were more affectecovia@t by 31-45
years.

» More number of Dengue cases was from Bidar citytldnchnabad.

* Dengue cases were significantly high in post monsseason between
June to October with peak number of cases in th&maf September.

* Fever, headache, myalgia and arthrelgia were msyonptoms in
Dengue fever patients.

» Platelet count was depleted in cases positive &4 NgM and IgG (all
three)

 ELISA was more satisfactory than rapid, NS-1 anill I performed
both together showed increased sensitivity.

* NS-1 was highly positive in acute phase, IgM wasipe in early
convalescence.

* Molecular typing showed prevalence of DENV-1,2&3 iNorth
Karnataka.

* Monotypic infections were seen, even though mudtipkrotypes were

circulating.
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* Change in serotype circulation was seen during 202D16.

» Shift of serotype 1 to serotype 3 was seen withs@on presence of
DENV-2.

» Severe clinical manifestations were seen in DENWf&ction.

* Platelet count was depleted in DENV-2 followed b¥N/-3 and
DENV-1.

 DENV-2 was closely associated with Singapore strain

* Ncol region was conserved site in serotype 1 framisolate which can

be used for RFLP.

Conclusion:

Detection of Antigen and Antibody when compared to

Immunochromatographic test with ELISA, ELISA wasuho to be

more sensitive.

* NS-1 Antigen detection is useful for early diagsosf Dengue when
antibodies are not detectable.

 When multiple serotypes were circulating, monotypitection were
seen in North Karnataka with severe clinical prést@om by DENV-2
and 3.

* Ncol site in DENV-1 was conserved, which is a ueiduding from the

strains of North Karnataka.
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Final conclusion of our study:

Dengue virus serotype 1, 2 and 3 were prevalewiumstudy population and
severe clinical manifestations were observed ireptd suffering from Dengue

Virus serotype-2 infection, Ncol region was congerin Dengue serotype-1.
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Limitations of the study:

» Stage of the disease is important for isolatioRNA from serum, RNA
isolation is only possible in the initial phasetbé disease when high
amount of circulating viruses are present, and éeme have chosen
NS-1 positive samples for isolation. As antibodieselop, RNA load is
lowered in circulation, which may result in lessl&ion rate, which
may be the reason for less isolation of the sesstyjpom our study

samples.

Future direction

» Large number of samples should be processed.

* Entire genome sequencing is needed for detail study

» Detection of mutations constantly needed to be ldubcfor the
transformation.

* Find out more such conserved sites, which maynn kelp in vaccine

production and antiviral agents.
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CASE PROFORMA

Performafor Dengue

Name of the patient

Age

Sex

Address

IPD No./MRD No.
Identification No.

Ward and Unit

Date of onset of symptom

Day of sample collection after onset of symmom

Clinical findings

6.

7.

Fever (Since how many days):
Nausea and Vomiting
Headache

Bodyache (myalgia)

Joint pain (Arthralgia)

Rash

Retro-orbital pain

Other Sings: (warning signs and signs of shock)

1. Abdominal pain

2. Bleeding manifestations

Annexure
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3. Restlessness

4. Hepatomegly

5. Spleenomegaly
6. Altered sensorium
7. Shock

8. Ascitis

9. Pleural effusion

History of Dengue in the past:

Laboratory Investigations:
a) Platelet count

b) WBC count

Serological results

1. NS1 Rapid
2. IgM Rapid
3. IgG Rapid
4. NS1 ELISA
5. IgM ELISA
6. 1gG ELISA

7. Serotype detected
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LIST OF ABBREVIATIONS

Ab

ADE

Ag

CDC

CF

CFT

CTLA4

DC-SIGN

DEN

DENV

DF

DHF

DSS

EC

Antibody

Antibody Dependent Enhancement

Antigen

Core protein

Centers for Disease Control and prevention

Complement Fixation

Complement Fixation Test

Cytotoxic T Lymphocyte Associated antigen4

Dendritic Cells Specific Intercellulardécule-3-

Grabbing Non -integrin

Dengue

Dengue Virus

Dengue Fever

Dengue Haemorrhagic Fever

Dengue Shock Syndrome

Envelope protein

Endothelial Cells
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ECL

ELGA

G6PD

HI

HLA

HRP

ICT

IFN

IgA

IgM

1gG

JE

LAMP

MADbs

Electro - chemiluminescence

Enzyme Linked Immuno Sorbent Assay

Glucose 6 phosphate Dehydrogease

Haemagglutination inhibition

Human Leucocyte Antigen

Horseradish Peroxidase

Immunochromatographic test

Interferon

Immunoglobulin A

Immunoglobulin M

Immunoglobulin G

Interleukin

Insecticides reated Mosquito Nets

That is

Japanese Encephalitis

Loop Mediated Isothermal Amplification

Membrane protein

Monoclonal Antibodies
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MAC ELISA

MBL 2

MIA

NASBA

NC

NCR Igs

NCR

NS

NT

oD

ORS

PC

PCR

prM

PRNT

RDT

RT-LAMP

IgM Antibody Capture Enzyme Linked

Immunosorbent Assay.

Mannose Binding Lectin 2

Microsphere based Immunoassays

Nucleic Acid Sequence Based Amplification

Negative Control

Natural CytoxicityRecepotor Immunoglabsli

Natural Cytotoxicity Receptors

Non-Structural

Neutralization Test

Optical Density

Oral Rehydration solution

Positive Control.

Polymerase Chain Reaction

Precursor of Membrane protein

Plaque Reduction Neutralization Test

Rapid Diagnostic Test

Reverse Transcriptase Loop mediatedhisohal

Amplification
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RT-PCR

gRT-PCR

SOP's

SPCEs

T™MB

TNF a

VCD

WRAIR

YF

WB

WHO

Reverse transcriptase Polymerase Cheacti®n

Real Time Polymerase Chain Reaction

Standard Operative Procedure.

Screen Printed Carbon Electrodes

Trimethyle benzidine

Tumor Necrotic Factar

Virologically Confirmed Dengue

Walter Reed Army Institute of Research

Yellow Fever

Western Blot

World Health Organization
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Original Article

Demographic and Clinical Profile of Patients Infected with
Dengue Virus Serotypes 1, 2, and 3 in North Karnataka

Pramod Sidram Manthalkar, Basawaraj V. Peerapur’
Department of Microbiclogy, BLDEL'S Shri B M Paiil Medical College, Bijapur, "Department of Microbiology, RIMS, Raichur, Karnataka, India

Introduction: Dengue fever is a mosquito-borne disease caused by flavivims and has clinical presentation varying from being asymptomatic to
severe complications (dengue shock syndrome and dengne hemorthagic fever) depending on the serotype of the virns imvelved. Cross-protective
mmnmnity between the serotypes is lacking. hence the seventy of the disease is more if multiple infections ocour with two different serotypes.
Hence, data on the demographic-specific prevalence of virus serotvpes are vital to optimal climcal measures. Aim: The present study aimed
to identify the dengue virus serotypes prevalent i the North Kamataka region of India in comrelation to the clinical presentation of the disease.
Materials and Methods: A prospective study was carned out in a Teachmg hospital of North Karnataka, India, from June 2012 to March
2016. One thousand senun samples were tested for NS 1 antipen algh and [gG antibodies by enzyme-linked immunosorbent assay (ELISA)
method. Samples positive for NS-1 was subjected to reverse transcription polymerase chain reaction (RT-PCR) for the detection of serotypes.
Results: Of the 1000 serum sample test 462 sernm samples were positive for dengme vims antigen or antibodies. Two hundred and forty-five
patients {33.03%) were male and 217 patients (46.96%) were female: Age group ofl6-—30 years was more affected followed by 3145 years,
over 45 years, and 0-13 years of age gronp. Maximum number of cases were observed in Bidar city followed by Humnabad. Aurad, Bhalki,
and Basavakalvan regrons. Malaise was a predominant symptom in dengue virns serotype-3 (DENV-3) (P < 0.03), while headache (P < 0.001).
and retro-orbatal pain (<0.05) were predominant symptoms in DENV-2. GI symptoms (nansea. abdominal pain. and diarrhea) were sigmificantly
common in DENV-2 (P < 0.001). Hepatomegaly was frequently observed m DENV-2 (17.02%), (F < 0.03). A total of 462 samples wege
positrve for either NS-1. IgM. or IgG or in combination Viral ENA was extracted from 119 samples positive for NS-1 antigen by ELISA. Of
the 119 samples tested for serotyping by BT-PCE. 38 belonged to dengne serotype-1 (DENV-1). 46 were of dengue serotype 2 (DENV-2) and
35 belonged to dengue serotype 3 (DENV-3). A change in the earher serotype 1 and 2 from 2011 to 2013 to the present serotype DENV-2 and
DENV-3 was observed and constant presence of DENV-2 in circulation was recorded. Conclusion: Dengue virus serotype 1. 2, and 3 were

prevalent in our study population, and severe clinical manifestations were observed in patients suffering from dengue virus serotype 2 and 3.

Keywords: Dengue, North Karnatala, serotype

INTRODUCTION serofype 3. although many ontbreaks with mixed serotypes
are also reported subsequently. The first isolated dengue
viruses belonged to serofype 3 and 4 in the year 1964 and
1965, respectively. Dengue virus type 3 has been very
rarely reported in North Kamnataka ™® There are various
studies from the Indian subcontinent investigating DHF in
various parts of the country. However, there are no studies
investigating the overall prevalence of the dengue serotypes

Dengue fever is one of the mosquitos borne diseases caused
by flavivirus. Dengue infection is reported in 50-100 million
individuals from developing world and is responsible
for over 500,000 hospitalizations ™™ The severity of the
disease varies from acute infection to fatal consequences
such as dengue shock syndrome and dengue hemorrhagic
fever (DHF)." Dengue virus has four different serotypes.

DENV-1. DENV-2. DENV-3. and DENV-4, which are Adaress for comespondences M Pramod Sidram Manthalkar

further subclassified based on their individual genotype F! Depariment of Microbiology BLDEU'S Shri B M Pati Medical College,
In India. a major outbreak of dengue serofype 2 was reported Eornti o Biapr, thal @ h’;ﬂ;

in the year 19961 This was later displaced by dengue

= This is an open access journal, and artices are distributed under the terms of the Creative
Acvess fhis article onlime commeans Attribution-HonCommercial-Sharealike 4.0 License, which allows athers to

remix, tweak, and build upon the work non-commerdally, as long as appropriate credit

‘Website: is given and the new creations are licensed under the idenfical terms.
YL For reprints contact: reprints@medknow.com

DOL: How to eite this article: Manthalkar PS5, Peerapur BV. Demographic and
104103 josbm FNSEM,_207_I8 climcal profile of patients infected wath dengue virus serofypes 1. 2, and 3

1n North Kamataka. 1 Hat S¢ Biol Med 2015;10:144-8.
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circulating in the endemic zone. apart from the epidemic
outbreak regions.

The purpose of our study was to 1dentify the circulating
serotypes of dengue virus in North Kamataka from suspected
cases of dengue presenfing to our hospifal during the years
2012-2016 and correlate it with the clinical presentation.

MareriaLs ano MeTHoDs

This 15 a prospective study, which was carnied out in Bidar
Institute of Medical Sciences Teaching Hospital of North
Kamataka, India during the year 2012-2016. Ethical clearance
was obtained from the Instifutional Ethical Committee. Patients
attending the hospital with a history of fever, headache,
retro-orbital pain nausea/vomiting, joint pain. malaise. and
generalized skin rashes were initially considered for the
diagnosis of dengue fever[™! Patients presenting with two
or more of these symptoms were included and were classified
according to the WHO criteria™ (dengue with or without
warning signs). Patients of both gender and all age groups
were included in the study.

Avolume of 2-5 ml peripheral venous blood was collected in
plain vial and blood was allowed to clot at room temperature
and then centrifuged. Sermum was separated for detection of
NS-lantigen, IgM. and IgG antibodies by enzyme-linked
immuanosorbent assay (ELISA). In case of delav, test serum
samples were preserved at —70°C. Positive samples were stored
at —80°C until they were processed for serotyping by reverse
transcription polymerase chain reaction (RT-PCR)."Y

Blood samples were collected in ethylenediaminetetraacetic
acid vial from the patients for complete blood count (1.e.. Hb
estimation [Hb], total leukocyte count, differential count,
hematoerit, and platelet count) using an automated cell counter

All the 1000 serum samples were tested for the presence of
N5-1 anfigen (Pan-bio) and IgM and IgG antibodies by capture
ELISAI3 by using the kit prepared by the National Institute
of Virology. Pune, India. Following the prescribed protocol.
optical density was measured at 450 nm using ELISA reader.

BNA extraction: Samples which were positive for NS-1 antigen
by ELISA were only subjected for extraction of viral ENA
by using the QiagenQILAmp RNA Mini Kit according to the
manufacturer’s protocol.

For the conventional PCR using serotype-specific E-NS1
region primers, viral RNA was reverse transcribed to cDNA
before enzymatic DNA amplification by uwse of MoMLV
reverse transcriptase. For RT of viral ENA to cDNA before
Taq polymerase amplification, corresponding reverse primer
of the particular set was used.

Primer and probe details

The initial viral quantitation of the samples was done using
real-time PCR to establish that there was enough viral load
for carrying out amplification and sequencing reactions. The
primers (Eurofins genomics) were designed to target the

Table 1: List of primes and programs for E-NS-1 region
amplification

Serotype  Primers PGR program Produet size
DEN1 D1-1225F 95°C- 5 min X1 4532 BP
95°C-30s X35
DI1-1TI0R 57°C-303
72°C -1 min
72°C -5 min X1
DEN2 ENVF-POL 95°C -2 min X1 445 BP
95°C-305 X 30
DIR-FO1 53°C-30s
72°C - 2 mun
72°C -7 min X1
DEN3 D3-1307F 95°C - Smun X1 E31 BP
95°C -30 s X35
D3-186TR 57°C-30s
72°C- 1 min
T2°C - 5 min X1
DEN 4 D4-1954R 95°C - 5 min X1 185 BP
95°C -30s K35
D4-1760F 57°C -30s
72°C -1 min

72°C - 5 min X1
PCR: Polymerase chain reaction

3 prime untranslated region on the dengue viral genome.
The primers were combined in the required ratio with the
corresponding Tagman probe (Eurefins Genemics) to make a
common screening primer-probe mixture (ppm). The primer
probe mix also contained primers and probe for a housekeeping

gene (internal control region). The internal control probe signal
was read in the VIC dye channel whereas the viral C-DNA
amplification signal was read in the FAM channel on the
real-time machine.

After the viral load for all the serum samples was carried out,
serotyping by serofype-specific primer-probe mix (Eurofins
Genomics) was done to categorize the samples into their
particular serotypes.

Primers were designed in-house at Huwel Lifesciences Pvt.
Ltd [Table 1].1

Statistical analysis

Statistical analysis was done by using SPSS version 22 software
(IBM corporation., Armonk, NY, USA). Chi-square test was
applied. P < 0.05 was considered statistically significant.

ResuLts

Of the 1000 clinicallv suspected patients, only 462 serum
samples were posifive for dengue antigen or antibodies,
hence achieving an incidence rate of 46.2% in our patient
population evaluated. Age group wise more number of
positive case were observed in the age group 16-30 vears, ie.,
238 patients (51.1%) followed by 3145 years (107 patients;
23.16%), 46 years and above (61 patients; 13.20%), and

Y Journal of Natural Science, Biology and Medicine | Volume 10 | Issue 2 | July-December 2015
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0—15 wears (56 pattents; 12.1%). Male patients (245 patienis;
53.03%) were relatively more affected then female
paftients (217 patients; 46.96%) [Table 2]. Sporadic cases
ocowred throughout the year, more nnmber of dengue cases
were observed mn monsoon and postmonsoon months, 12, m
Julv and attzined maximum number of cases 1o the month of
September, wath 2 mean oumber of seven cases 1 July, 20 cases
m August, 34 cases in September, 17 cases i October, B caszes
in November, and 3 caszes in December [Table 3].

Table 2: Age and sex wise disiribution of seropositive
samples for dengue antigen and antibodies

Age (years) Male (%) Female (%) Total (%)
015 31 (6.0 15 (5.40) 56 (121)

1630 121 (24.18) 117 (3533 238 (51.1)
3143 65 {14.04) 41(9.08) 107 (23.16)
45 and above 28 (6.06) 3714 1 (1320
Tatal 145 (53.03) 217 (46.067 467 (100)

More cases of dengue DENV-1 (7) serotype were observed
in Basavakalyan All the three serotypes were solated from
Bidar and Humnabad, while serotypes 1 and 2 were 1solated
from Basavakalyan, Bhalki, and Awrad repions.

Of the 462 positive samples, 183 (3%.61%) were only N3-1
positive, 120 (25 97%) were IzM postive and 247 (53 46%)
were both N5-1 and IgMpositve by ELISA method The
positrvity of N5-1 was 241 (97 57%) in acute phase (1-7 days),
and IgM positivity {174 cases; %4 56%) was more 1n
convalescence (6—14 days) phase.

Climecal mamfestations of patients were compared with the denzue
sarofypes identtfied from 119 samples, which was statiztically
analyzed by Chi-square test Malaice was a predominant symptom
m DENWV-3 (P=0.05), while headache (P = (.001} and retro-orbital
pain {<0.05) were predominant symptoms in DENV-2 GI
symptoms (nausea, abdoownal pam, and dimvrhea) were zlso
significantly observed m DENWV-2 (P = 0.001). Hepatomegalywas

Table 3: Month wize distribution of dengue positive cases
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oo oy observed m DENV-2 (17.02%:), (P = 0.05). Respiratory
sympioms (cough, dyspoea, rhinonhea, and congeshon) were
more commonly observed m DENV-3 infaction Musculoskeletal
symptoms (myalmia, joint pamn, and bone pam) commonky
obsarved (P = 0.001) m DENV-2 with 8936%, 78.72%, and
53.15% mecrdence, respectively. Cutaneous signs (maculopapular
rash) was frequently (P < 0.05) seen m DENV-2 (12.07%)
[Table 4].

Hematological assessment revealed that the mean platelat
count was lass i serotype-2 (67130 c/'mm”), followed by
serotype-3 (71800 c/mm*} and 75200 in DENV-1 (P = 0.01).
Hematoerit was 3757 im DENV-2, 35.10 in DENV-3, and
32.01 m DENV-1 (P = 0.05) [Table 3].

PCE Fesult- N5-1 ELISA positive samples were subjected for
dengue vins BMNA isolabon. We could identify denzue virns

Table 4: Serotypes isolated and its comparison with clinical manifestations

Signs and symptoms Total cases DENV-1{n=38; 31.93%),  DENV-2 {n=46; 36.65%), DENV-3 (n=35; 29.41%),
{n=119) n{%) (%) m {%)
Fever 119 (100 35(100) 46 (100) 35 (100)
Malaise 65 (52.04) 10 (2631 23 (50) 30(35.71)
Headache 78 (63.54) 11(28.84) 4405 63) 23{65.71)
Retro-arbital pain B4 (53.78) 17 (44.73) 31 (65.65) 16(4571)
Nausea #3607} 7(1843) 37 (78.70) 000
Voeniting 4(336) 25y 50/(34.25) 000
Abdominal pain (3529 B 21.05) 32 (68.08) (5.7
Diarrhea 9 (736) 0 (00 0(19.14) 0(00)
Splenomegaly 15 (1260) 05 (1315 10117 000
Hepatomegaly 12 (10,08} 03 (7.89 1170 20 (12.85)
Couzh B§ T2 128 302425 5(14.38)
Dyspued RIS 0 (00) 5(1276) 16
Rhinarrhea 8{5.04) 1024 30(24.35) 3{B5T)
Cangestion 1336) 0 (00 100 20(3857)
Mialziz 82 (5210 18 (47.36) 41(80.36) (5.7
Toint pain 53 (44.53) 123157 37 (78.78) 4(1147)
Banz pain MO B [23.63) 13 (33.19) 000
Macuopapilar rash §{5.04) b {00) 61270 0 {00
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BMA from 119 (24.68%) samples by Mulaplex RT-PCE. Ot
of 119 samples posihve by KI-PCE. 38 samples had monotypac
infection with DENV-1 (31 93%), 46 samples (38 65%) had
monotypic mfection with DEMV-2 and 35 zamples (29 41%)
had monotypic infection with DENV-3. Mo DENV-S serctype
was detected among the samples [Table £].

Serotype 1 was identihied from the samples collected 1n 2012,
2013, and 2014 while Serotype 2 was identthed from the
samples collected tn 2012, 2013, 2014, and 2015, Serotype 3
was identified from samples collected 1o the vear 2013, 2014,
and 2015,

Out of the 38 Serotype 1, we could identify 12 (31.57%),
15(39.47%), 11 (28.94%)1n 2012, 2013 and 2014 respecovely
and out of 47 DENV-219 (40.429%), 12 (25.53%), 10 (21 27%),
and 05 (12.7%) were identified m the year 2013, 2014 2015,
and 2016, respectively and DENV-3 was isolated 03 (8.57%),
12 (34.28%), 20 (37.14%) m the year 2014, 2015, and 2016,
respectrvely [Table 71.

Discussion

Dengue 15 the major public health problem 1o endenuc
regions of India [ The first epidemic of clinical dengus-like
Ulness was recorded in Chennat in the year 1780 but proven
virological epidemic of Dengue fever i India ocowred in
Caleutta and Eastern coast of India mm 1963-1964.1'% The
largest outbreak ocewred mn Dlelhi and swrounding areas m
the yvear 1996, This outhreak was due to dengue serotype I,
which was followed by epidemic in 1997 due to dengue
serotype 1. Subsequent epidermics were reported to be due fo

Table 5: Correlation of dengue serotypes with
hematological parameters

Hematological parameter DENV-1  DENV-2 DENM-3 P
H [z 22 113 113 A
TLC {callsmm) 6121 g0 6W1 06
Hematgerit 01 WY B A
Platelet count (cellmm®) 75200 62130 TLEN  <0dl

TLL: Tom] Eukecyte count, Hi: Hemozlobin

Table 6: Ditferent serotypes isolated from tested samples

Total DENV-1 DENV-2 DENV-3

119 ETTETEE, 16 BLET) 35 (2041%)

Table 7: Year-wise distribution of dengue serotypes
isolated

Seraype 2012 2013 2004 2015 2016 Total (%)
DENV- 12 13 11 oo i) 383193
DENV-1 [ 19 12 1] 5 4603885
DENV-3 0 i1} 3 12 W 3502041)

Towl() 12 3% ¥ 1 N 1
(1005 (85 QLY (184 QL9

co-coculation of both serotype-1 and serotype 3 i the year
2003.1Y In thes study. we are reporting the co-cireulation and
replacement of serotype-1 and ? by serotyvpe 2 and 3 during
the vears 2012-2016.

The relative predonunance in the prevalence of disease amonz
male patients observed in owr study is In concurrence to
previous reports.'*"* Majonty of cases were observed m the
age group of 18-30 vears, this 13 comparable to the studies
previously reported from other regioms ['"*'* This ape group
iz haghly exposed to the exfernal environment and mosquito
vector. Infection 1n young patents results in nonproductnaty
and high number of cases in voung age group mndicates the
dizease 15 endemic to the region. We obzerved dengue virus
weidence rate of 46.2% m our study population. Dengue
cases started durmg Fuly and reached the peak m September,
which 15 the post-monsoon peried. It mav be explained by the
fact that stagnant fresh water from August to October {Rainy
zeason} favored the breeding of vector mosquitoes, Hence,
these months must be effectively tarzeted to mitiate preventive
measures to control the breeding of mosquitoes,

Although the symptoms comelated with serotypes observed
i our study 1s consistent with previous reports; ™' however,
our findmg 15 1o contrast to the studies reporting hemomhagic
manifestations associated with dengue sarotype-4 ™ In our
study, we could not 1solate dengue zerotype 4 from any of
the blood samples. A previous study reported from Indial*
evaluated B0 serum samples and 1solated all four serotypes of
DENV. This study reported 2 high prevalence of Anorexiz m
serotype 1 as compared to serotype 1 and 4. Hepatomegaly
was a prominent feature mn serotype-2 followed by 1. 3.

acd 4. In our study, hepatemegaly was seen more in dengue
serotype 1 followed by dengue serotype 3 and 1. In our study,
out of the total 119 serum samples pesitive. 38 suffered from
DENV-1 monotype infection. 46 DENV-2 monotype infection
and 35 DENV-3 monotype mfechon, only four deczue
monotypic-infected patients (age group 16-30 vears) had
suffered from DHF which may be explamed by the 2bsence of
mmmuraty against all-serotvpe of dengue virus in these patients,

In the year 2012 and 2013, the mam serotype prevalent was
DENV-1 and DENV-2. However, in the following years 2013,
2014, and 20135 displacement of DENV-1 was obsarved. The
study shows that the serotvpe predominance can shift from one
to another. Cur smdy 15 m agreement with previous reports
demonstrating DENV-1 was replaced by DENV-4 /%4 4c
the majonty of the zamples n our sudy were obtained from
bospitalized patients, the resultc may not actually reflect the
predonunant serotype 1n the general populaton in a grven year.
However, as currently there are not any approved vaceines or
therapeutics for dengue the freatment 1= mamly supportve.
Hence the confamment of the spread of the vector and the
disease 15 mmportant ! Data on serotype will help develop
inproved. proactive, laboratory-based surveillance systems
that can predict an impending dengue outbreak which will kelp
to fimely mnifiate preventrve and control measures.
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ConcLusion

We observed cirenlation of dengue serotvpe-2 and serotype-1
and also a rise mn rumber of dengue sevotype-3. Co-cureulations
of these mixed serotvpes may lead to severe clinical
manifestations. Hence, detecoon of dengue seroiypes helps
achieve proper chmeal management and probably develop an
effective vaceoine.

Limitations

Stage of the disease 15 mmportant for 1solation of RNA fom
serum. RIMNA 1solation is only pos=ible in the inihal phase of the
disease when high amount of circulating vimses are present,
hence we have chosen only N5-1 positive samples for isolation.
As the antibody develop, RNA load 15 lowered 1n coreulation,
which may result in lass 1s0lation rate, whach may be the reazon
for less 1zolation of serotypes from our study samples.
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Abstract:

Background: Dengne has become a major global
public health problem in the developing countries. 4im
and Objectives: This study was carried out to evaluate
the utility of NS1 antigen assay in early diagnosis of
dengue infection. Material and Methods: The
performance. detection rate of NS1 antigen assay
comparison to IgM Antibody Capture Enzyme Linked
Immunosorbent Assay (MAC-ELISA) was evaluated
in a single sample constituted Group 1. One thousand
acute/ early convalescent sera were screened by both
the assays. NS1 antigen assay was used to evaluate the
efficacy of single assay in 30 acute phase sera of
pasdiatric OPD patients constituted Group IL
Specificity of NS1 assay in companson to MAC-
ELISA was evaluated on 40 samples used as controls
constituted group I Resulis: Out of 1000 samples in

in a single sample constituted Group 1. One thousand
acute! early convalescent sera were screened by both
the assays. NS1 antigen assay was used to evaluate the
efficacy of single assay in 30 acute phase sera of
pasdiairic OPD patients constituted Group IL
Specificity of N51 assay mn companson to MAC-
ELISA was evaluated on 40 samples used as controls
constituted group III. Results: Out of 1000 samples in
Group L 247 (24 7%) and 184 (18 4%) samples were
positive by N51 assay and MAC —ELISA respectively.
Increase 1n the detection rate to 431 (43.1%) was seen
when both the assays were used together on a single
sample. NS 1 Ag posttivity varied from 97.57% to
2.42% m acute and early convalescent sera, conversely
IsM detection rate was 94 56% and 543% 1in early
convalescent and acute phase sera respectively
(P<20.0001). Twenty (66.66%) samples were positive
by NS 1 assay in Group IT. All 40 samples in Group IIT
were negative showing 100% specificity of both the
assays. Conclusion: NS-1 Ag assay 1s a useful tool for
early diagnosis of dengue virus infection When used
i combination with MAC-ELISA on a single sample 1t
significantly improves the diagnosis algonithm
without the requirement of pared sera.

Keywords: Dengue diagnosis. companson, NSI
antigenassay, MAC-ELISA.

Introduction:

Dengue has become a major global public health
problem in the developing countries. The
estimated nisk of acquirng Dengue Virus (DV)
nfection is approximately 2.5 billion people
living mainly in urban areas [1]. DV causes
various clinical symptoms ranging from
asymptomatic or undifferentiated fever, known as
Dengue Fever (DF), Dengue Hemorrhagic Fever
(DHF), Dengue Shock Syndrome (DSS), leading
todeath, especially among the children [2].

Viral isolation by culture or viral RNA detection
by Polymerase Chain Reaction (PCR) helps in the
diagnosis of recent dengue infection. But this viral
1solation 15 very tume consuming and requires
Dengue Fever (DF), Dengue Hemorrhagic Fever
(DHF), Dengue Shock Syndrome (DSS), leading
to death, especially among the children [2].

Viral isolation by culture or viral RNA detection
by Polymerase Cham Reaction (PCR) helps in the
diagnosis of recent dengue infection. But this viral
isolation is very fime consuming and requires
specialized laboratory equipment [3]. Newer PCR
types like nested PCR and real time PCR have
sigmficantly reduced processing time but are
expensive and technically exacting [4]. As a
result, dengue culture and PCR have limuted
utility in routine clinical use.

Rapid newer test for presumptive diagnosis of
dengue is the detection of Non Structural Protein
Antigen (NS1). This antigen 15 a highly conserved
glycoprotein that is essential for the wviability of
dengue wirus [5]. The first mmmunoglobulin
isotype to appear is IgM antibody, supgesting
recent infection. One of the most recent advances
for routine dengue diagnosis 15 IgM Antibody
Capture Enzyme Linked Immunosorbent Assay
(MAC-ELISA) [6]. To confirm dengue during
both early and late infection, combined vsage of
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NS1 antigen and IgM antibody ELISA are
promusing [7].

In this study, we have performed both types of
mmunoassays; NS1 and IgM, on the samples
received in our laboratory and the results of the
combined tests have been compared individually
with each test separately.

Materials and Methods:

One thousand samples were collected from the
patients suspected of DV mfection. attending the
Bidar Institute of Medical Sciences and Teaching
Hospital, Bidar Demographic details of the
patients were collected. Depending on the
reporting time of the patients, sera comprised of
both acote and early convalescent phases.
Samples were divided into three groups [ IT, ITL.
Group I: consisted of 1000 samples obtained from
suspected cases of DF, classified as

undifferentiated fever/ Dengue fever (DF)/ DHF
(WHO classification). Adult samples from Out-
Patients Department (OPD) and In-Patients
Department (IPD) and paediatric IPD patients
were included in this group. Single blood sample
was screened by NS1 Ag assay and MAC ELISA
and then compared.

Group II: consisted of 30 samples obtamed from
paediatric OPD patients classified as
undifferentiated fever/ Dengue fever (DF). Acute
phase sera (presenting within 7 days of fever)
from this group were screened only by NS1 Ag
assay, to evaluate the cost effectiveness of this
assay in the acute phase. Smnce, this group patient
attended OPD at regular intervals; paired samples
of the patients who were negative by NS1 Ag
assay were screened for antibodies i the early
convalescent phase.

Group I consisted of 40 samples, 25 were
obtained from patients with fever due to known
etiology other than dengue (enteric fever [18],
bacterial memingitis [3], UTI [4]) and 15 were
from healthy blood donors. All these 40 were
screened by both the assays.

The samples were screened for the presence of
dengue specific IgM antibodies by Mac ELISA,
using a kit prepared by National Instifute of
Virology, Pune, India, (as an mntegral part of
National Vector Borne Disease Control
Programme), strictly following the manufacturer's
protocol [8]. NS1 Ag was detected in the sera by
Pan Bio NS1 Ag ELISA kit. Haematological
parameters (leukocyte count, Hb and platelet
count) of dengue positive patients were also
observed and correlated. Fisher's exact test was
used to find out the Pvalues.

Results:

In Group I ofthe 1000 samples 462 (46.2%) were
positive either for NS1 or IeM antibody or both.
247 (24.7%) samples were positive for NS1 Ag
and 184 (18.4%) were posifive for IgM antibody
meluding those that were posifive by both (Table
1). When single sample was tested by both the
assays, the detection rate increased to 431.

Out of 247 NS1 Ag positive samples, 97.57%
(241) were from acute phase sera and 2.42% (6)
were from early convalescent phase. NS1 Ag
detection rate decreased from 97.57% m acute
phase sera to 2.42% in early convalescent sera
(P<0.0001). All the 183 samples that were
positive for NS1 Ag alone m this study, Group I
belonged to acute phase sera (Table 2).
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Table 1: Detection rate of NS1 Ag Assay and MAC-ELISA in
Dengue Positive Samples of Group 1 (n=462)

NS1Ag IgM Antibody Total
Negative Puositive

Negative 95 (9.5%)* 120 (12%) 215 (21.5%)

Positive 183 (18.3%) 64 (6.4%) 247 (24.7%)

Total 278 (27.8%) 184 (18.4%) 462 (46.2%)

(*@5 samples were negative by both N5I Ag assay and MAC ELISA but positive by IgG ELIS4)

Table 2: Positivity of NS1 and IgM in (1-7 days) and (8-14 Days)

Day post onset of illness

NS1 IgM

1to 7 days

241/247(97.57%)

10/184 (5.43%)

8 to 14 days

06/24 (2.42%)

174/184 (94.56%)

t[gM anfibodies were positive 1n 10 (5.43%) cases
durmg 1-7 days penod of illness and 174
(94.56%) were posttive during 8-14 days of
tllness. All the 120 samples that were only IgM
posifive belonged to convalescent phase (Table 2).
IgM antibody detection rate increased from 5.43%
to 94.56% (P<0.0001). NS1 Ag was positive in
241(97.57%) samples during 1-7 days period and
06(2.42%) 1n 8-14 days period

All the 30 samples from study Group II were
screened only for NS1 Ag and 20 (66.66%) were
positive. All these 20 patients were classified as
DF. All had normal platelet count. The 10 NS1 Ag
negative samples from patients with undifferen-
tiated fever remamed seronegative on subsequent
screening at early convalescent stage. All the 40
samples from Group III were negative by both the
assays.

Discussion:

The IgM capture ELISA 1s most commonly used in
India due to its low cost and ease of handling. But
here 1t is important to understand that, NS1 antigen
detection assay has an advantage of detetecting
mnfection very early, however 1t disappears early
also and 1s of little use n the early convalescence
phase when IgM 15 useful [7]. To confirm a case of
acute dengue mfection by serology, IgM sero-
conversion or a fourfold increase of IgG antibody
titer in paired sera must be demonstrated [9].

In this study, NS1 Ag was only positive mn 183
(18.3%) samples and IgM was posifive in 120
(12%) but both the assays performed on a single
sample could statistically increase the number of
postfive to 431. NS1 antigen 15 detectable by most
of the commercial kats m first 7 to 9 days of
infection while IgM antibodies are detectable only
after 8 to 14 days of infection, the reason why NS1
antigen capture ELISA could detect more cases
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compared to IgM capture ELISA alone [9-11].
NS1 Ap detection decreased from 97.57% in acute
phase sera to 2.42% in early convalescent seraand
detection rate of IgM increased from 5.43% in
acute phase sera to 94.56% i convalescent sera.
Similar findings were seen in other studies along
with an increase in sensitivity of detection when
both the assays were used together m a single
sample[12,13].

Since 1t 15 difficult to judge accurately which post
infection day the sample is being tested. 1t is ideal
touse both assays, not to miss the diagnosis.

Conclusion:

Although, there is no specific treatment available
fordengue, early diagnosis has a role 1n mndividual
case management as well as planning and
implementing control strategies. Of the two
different tests used fo diagnose dengue, NS1
antigen detection had the highest sensitivity in the
early stages while IgM detection was more
sensifive m the latter half of the 1llness. Because of
these characteristics of the assays, it 1s
recommended to use both assays simultaneously
to ensure that the diagnosis 1s not missed.

References

1. Halstead SB. Dengue. Lancet 2007, 370:1644-52.

Gubler DI. Melzer M. Impact of dengue/ dengue

hemorrhagic fever on the developing world. Adv virus

Res1099;53:35-70.

3. Satish N, Vijayakumar TS, Abraham P. Snidharan G.
Dengue fever: its laboratory diagnosis, with spectal
emphasis on IgM detection. Dengue Bull2003; 116-21.

4. Bessof K Delorey M. Sun W, Humnsperger E.
Comparison of two commercially available dengue

(=]

Virus (DENV) NS1 capture ELISA using a single
clinical sample for diagnosis of acute DENV infection.
Clin Vaccine Immumal 2008; 15:1513-8.

Dussart P, Labeau B, Lagathu G, Lows P, Nunes MRT,

Rodrigues SG. ef al Evalvation of Enzyme

immunoassay for detection of dengue virus NS1

antigen in human serum. Clin Faceine Tnmunol 2006;

13:1185-90.

6. Vaughn DW. S Green, S Kalayanarooj ef al. Dengue
viremiaiter, anfibody response pattern, and virus
serofype correlate with disease severity. J Infect Dis
2000; 181(1):2-0.

7. Andnes AC, Duong V. Nagan C, Ong S, Huy R, Sromn
KK et al Field evaluation and impact on clinical
management of a rapid diagnostic kit that detects
dengue N51, IsM and IgG. PLa5 Negl Trop Dis 2012;
6(12): 1993,

(¥

8. Cecilia D. Kakade MB. Bhagat AB ef al. Detection of
dengue-4 virus in pune. western India after an absence
of 30 years- its association with two severe cases, Jiral
J2011: 8. article 46.

Tricou V. Vu HT, Quynh NV Nguyen C, Tran HT,
Farrar T ef al. comparison of two dengue NS1 rapid
tests for sensitivity, specificity and relationship to
viraemia and antibody responses. BMC Infect Dis
2010;10:142.

j=}

10. Duong V. Ly S. Lom Try P. Tuiskunen A, Ong S,
Chroeung N ef al clinical and virological factors
influencing the performance of a NS1 antigne capture
assay and potential use as a marker of dengye diasease
severity. PLoS Negl Trop Dis 2011 5(7): e1244.

11. Fry SE. Meyer M, Semple MG, Simmons CP, Sekaran
5D, Huang TX ef al. The diagnositic sensitivity of
dengue rapid test assays in significantly enhanced by
using a combined anfigen and antibody testing
approach. PLoS Negl Trop Dis 2011; 5(6): e1244.

12. Schiliing S. Ludolfs D, Le VA, Schmiz H. Laboratory
diagnosis of primary and secondary dengue infections.
JClin Virol 2004; 31:179-84.

13, Amparwan C, Wathanee C, Viroj P, Kanchana T,
Sarapee L, Sutee Y. The use of Nonstructural protein 1
antigen for the early diagnosis during the febrile stage
in patients with denpgue infection. J Poad infect Dis:
2008;27:43-8.

“Anthor for Correspondence: Mr: Pramod S. Manihalkar, Ph. D Scholar, BLDE University, Vijayapura, Karnataka
Email: pramodmanthalkar@gmail.com Cell: 09380032382

© Journal of Krishna Institute of Medical Sciences University 4

BLDEU Vijayapura.

Page 148



Annexure

Annexure -V

Consent form

Title of Project: Serological and Molecular Chaeaitation of Dengue virus in North
Karnataka.

Name of the Participant:

Address:

The details of the study has been explained to meny language, and | have
understood the study and given chance to ask thstiqns. My participation in this
study is voluntary and free to withdrawn any tinw@thout giving any reason.
Without affecting the medical care being given hg thospital. | fully consent to
participate in the above study.

Signature/ thumb impression: Date:

In Minor patients

Parents/ patients assistant signature/ Thumb irsjores Date:
Name of the child: Date:
Signature of Investigator: Date:
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