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SECTION 2.

EXECUTIVE SUMMARY OF THE PROJECT



Scientific background: Chikungunya (CHIK), dengue and leptospirosis are important 
diseases with explosive outbreaks occurring in Sri Lanka. Confirmation of these 
outbreaks is important for clinicians for proper management of patients but it is 
difficult to confirm diagnosis of these three diseases only on clinical grounds as some 
of their clinical symptoms overlap with each other. Enzyme-Linked Immunosorbent 
Assay (ELISA) can be used for confirmation of these diseases. Use of ELISAs in Sri 
Lanka is hindered by the high cost of commercial diagnostic kits and inaccessibility 
of reagents. Further, whole viral/bacterial antigens/lysate used in ELISAs can cause 
biohazard risk, high production cost and cross reactivity with other organisms of the 
same genus/family. Therefore, a diagnostic intermediate for ELISA produced at low 
cost and easily standardized for use in field settings is important.

Objective: To assist confirmation of CHIK, dengue and leptospirosis outbreaks 
through developing rapid laboratory diagnostic assays.

Methodology: Novel recombinant protein antigens for all three diseases were 
prepared. Indirect ELISAs using each novel recombinant protein as a capture antigen 
for detection of both anti-IgM and IgG antibodies of each disease were developed. 
Potential use of each protein as a diagnostic tool for the detection of both IgM and 
IgG antibodies produced against the particular disease organism was evaluated with 
currently available diagnostic assays including the Gold standard assay using a large 
panels of well characterized serum samples.

Major findings: Single recombinant protein antigen to detect both IgM and IgG 
antibodies of each disease was developed and evaluated.
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SECTION 3.

REPORT IN DETAIL



i. Introduction/Background

Chikungunya, dengue and leptospirosis are important diseases causing severe 
outbreaks in the recent past in South East Asian region including Sri Lanka. 
Chikungunya, dengue and leptospirosis are diseases caused by alphaviruses, 
flaviviruses and pathogenic spirochetes bacteria respectively. During outbreaks, 
confusion between the broad spectrum of clinical presentations associated with these 
three diseases complicate the early diagnosis required for the timely patient 
management. Confirmation of disease outbreaks is important for clinicians for proper 
management of patients and control programmers for surveillance. Currently available 
laboratory diagnostic assays (Table 1) depend on availability of disease organisms in 
human and human immunological responses to a selected disease organism (Figure 
1).

CHIKV infection CHIKVRT-PCR
negative

Virus/bacteria

Figure 1. Human immunological responses to a disease organism
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Table 1. Currently available laboratory diagnostic assays for CHIK, dengue and 
leptospirosis

Fever
days

Detection
criteria

Diagnostic assay Disadvantage

1-7

Early,
definitive
diagnosis

Whole
virus/bacteria

Cultures > Cultures are subjected 
for contamination

Genetic
materials
(RNA/DNA)

Reverse Transcription 
Polymerase Chain Reaction 
/Polymerase Chain 
Reaction (RT-PCR/PCR)

> Needs sophisticated 
laboratories and . 
expertise

> High cost
> Contamination

Virus/bacteria
encoded
antigens

Antigen detection ELISA > No reliable kit for CHIK 
and leptospirosis

> High cost for dengue kit
More 
than 7 
days

Antibodies
IgG

Haemaglutination Inhibition 
(HAI)-For CHIK and dengue

Microscopic Agglutination 
Test (MAT)-For 
Leptospirosis

> Facilities are available at 
few reference 
laboratories

> Requires analyses of 
paired sera to achieve 
sufficient sensitivity

> Cumbersome and labor­
intensive

Antibodies
IgM

Enzyme-Linked 
Immunosorbent Assay 
(ELISA) using whole cell 
viral (CHIK/dengue) or 
bacterial (leptospiral) antigen

> Health hazard though 
expose to infectious 
viruses/bacteria

> High production cost 
associated with virus 
bacteria cultivation

> Cross reactivity with 
other organisms of the 
same genus/family 
resulting false positivity

The need for developing cost effective, safe and simple diagnostic tests those combine 
with sensitivity and specificity have become ever more urgent to aid clinical case 
identification, management and to facilitate the implementation of rapid outbreak 
investigations. These infections can be laboratory diagnosed in the acute phase by 
detection of the virus/bacteria via cultures or a Polymerase Chain Reaction (PCR)- 
based assays, but most routine diagnosis relies on serologic methods. Cultures are 
subjected for contamination and required prolonged incubation period for all three 
diseases. PCR-based diagnostic methods need sophisticated laboratories and 
expertise. The reference standard serologic test, Haemagglutination Inhibition (HAI) 
assay for chikungunya and dengue and Microscopic Agglutination Test (MAT) for 
leptospirosis are inadequate for rapid case identification since they can only be 
performed in a few reference laboratories and require analyses of paired sera to 
achieve sufficient sensitivity. They are cumbersome and labor-intensive. Dependence 
upon the HAI/MAT results in delays in establishing the cause of outbreaks, as seen in
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several investigations. Several Enzyme-Linked Immunosorbent Assay (ELISA) 
systems have been developed for serological tests after initial investigations of 
dengue/leptospirosis outbreaks by several researchers. Inhouse ELISAs require whole 
cell viral (dengue/chikungunya) or bacterial (leptospiral) antigen, which is often the 
limiting reagent in diagnostic assays and its large scale preparation is hindered by the 
cumbersome and expensive methods involving culture or in suckling mouse brain. 
Additionally, these methods result in crude extracts of variable quality with numerous 
non-specific antigens. Another problem is in a country where two or more 
flaviviruses/alphaviruse co-circulate, serodiagnosis is difficult due to the high 
serologic cross-reactivity. The recombinant protein-based antigens in ELISAs, 
produced by several researchers offer several distinct advantages over whole cell 
viral/bacterial antigens. First, the use of infectious virus for antigen production, which 
requires the highest level of microbiological security and a proper way to inactivate 
and to monitor the inactivation of the virus, is not required. Second, when antigens 
obtained from virus-infected cell extracts are used, it is difficult to standardize the test 
because of many factors, such as the multiplicity of virus infection, virus strains, cell 
line and cell condition, which may generate differences in the relative proportions of 
the immunoreactive proteins included in the antigen products. Hence the amounts of 
immuno reactive proteins may be different for different batches of antigen. This 
feature makes the quantitative interpretation of the test difficult. Therefore, the 
recombinant protein produced in bacteria/yeast system provides a solution to this 
problem, allowing easy standardization of antigen production. Third, the recombinant 
product can be obtained within a relatively short time (within 1 week , after cloning), 
and the expression and purification procedures are simple and easy to perform. 
Fourth, low costs involved in growing bacteria/yeast producing recombinant protein. 
This procedure would be especially useful in cases of large-scale epidemiological 
investigations, as well as in developing countries where high-security laboratories are 
not available. The use of recombinant proteins for serodiagnosis of chikungunya and 
leptospirosis has not been widely investigated by researchers. Cloning and expression 
of a specific part of a viral/bacterial genes provides a straightforward alternative 
approach, simplifying purification and large-scale production of protein antigens for 
ELISAs. These recombinant protein antigen-based ELISA systems can be safe, 
affordable and specific tools for serodiagnosis of these three diseases in Sri Lanka.
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ii. Scientific scope of the project
Overall objective
> To assist confirmation of disease outbreaks through developing 

competencies for ELISA-based rapid laboratory diagnosis for 
chikungunya, dengue and leptospirosis infections.

Specific objectives
> To prepare recombinant protein antigens for each disease.
> To develop ELISAs using recombinant protein antigens for each disease.
> To collect clinical samples from suspected patients for each disease.
> To analyze clinical samples by molecular and conventional diagnostic 

tests for each disease.
> To analyze serum samples confirmed by molecular and conventional 

assays by ELISAs developed using recombinant proteins.
> To document data on specificity and sensitivity of ELISAs developed by 

recombinant protein antigen with the gold standard/conventional assay.
> To calculate number of clinical samples analyzed for each disease by 

routing laboratory diagnostic service provided by ELISAs using 
recombinant protein antigens.

> To train project personnel in different diagnostic tests.
> To establish collaborative networks.
> To publish results of the project in peer-reviewed joumals/presentations 

in local/ international conferences/meetings and thesis.
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iii. Materials and methods

Work plan

The study was a 48 months’ cross sectional prospective study with a 6-months pre­
analytical phase, 36-months analytical phase and 6-months post analytical phase as 
described in the work plan (Annexure 3).

During pre-analytical phase of 6-months, collection of literature, obtaining ethical 
permission from the Ethical Review Committee of the Faculty of Medicine, 
University of Kelaniya, Sri Lanka, establishment of a collaborative network with 
reference laboratories, preparing data and sample collecting tools, obtaining pre­
collected serum samples from the respective institutions, ordering procurement and 
establishment of molecular and conventional diagnostic assays for each disease were 
performed.

During the analytical phase of 36-months, preparation of reference materials used for 
standard serological assays, designing of novel recombinant protein antigens, 
construction of recombinant plasmids, cloning, expression and purification of 
recombinant proteins, assessment of reactivity of each protein towards antibodies 
using western blot analysis, development and optimization of in-house ELISAs 
using novel recombinant protein antigens using reference serum samples, 
establishment of standard general assays according to the World Health Organization 
(WHO) standards, preparation of panels of well characterized serum samples by 
testing samples collected from reference institutions using standard laboratory 
diagnostic assays and evaluation of in-house ELISAs developed using novel 
recombinant protein antigens on field collected serum samples were performed.

Analysis of data and writing the thesis were performed during the period of 6 months 
of post analytical phase.

This study was carried out in three different institutions following the work plan. 
Preparation of novel recombinant protein antigens and preliminary evaluations of 
reactivity of antigens were performed at the Recombinant Gene Products Group, 
International Centre for Genetic Engineering and Biotechnology, New Delhi 
Resident, India. Obtaining some of the panels of serum samples and preliminary 
testing of samples by standard serological methods and in-house ELISAs developed 
using novel recombinant protein antigens were performed at the Molecular Medicine 
Unit, Faculty of Medicine, University of Kelaniya, Sri Lanka. Characterization of 
panels of serum samples using standard assays recommended by the WHO and 
evaluation of recombinant protein antigens as diagnostic intermediates following 
WHO standards were performed at the Department of Virology, WHO Collaborative 
Centre for Viral Reference and Research, Institute of Tropical Medicine, University 
of Nagasaki, Japan. <

Below activities were carried out in three counterpart institutions in 6 phases as 
mentioned in Table 2.
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Table 2. Activities carries out in the study

Phase no Activity Place
Phase 1. Preparation of recombinant protein antigens used as 

diagnostic intermediates
ICGEB, New 
Delhi

Phase 2. Preparation well characterized serum panels for each 
disease

University of 
Kelaniya, Sri 
Lanka

Phase 3.
Preparation of serum panels to determine cut off 
values of ELISAs

University of 
Kelaniya, Sri 
Lanka

Phase 4.
Evaluation of recombinant protein antigens on 
clinical samples as diagnostic intermediates

Universities of 
Kelaniya, Sri 
Lanka and 
Nagasaki, Japan

Phase 5.
Carrying on common activities University of 

Kelaniya, Sri 
Lanka

Phase 6.
Providing routine laboratory diagnostic facilities to 
the general public (University of Kelaniya, Sri 
Lanka)

University of 
Kelaniya, Sri 
Lanka

Phase 7. Establishment of a collaborative net work
University of 
Kelaniya, Sri 
Lanka
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Common methodologies followed for preparation of recombinant 
protein antigens for diagnosis of three diseases

Phase 1. Preparation of recombinant protein antigens used as diagnostic 
intermediates (RGP, ICGEB, New Delhi)

Recombinant protein antigens prepared for each disease by the RGP Group, ICGEB, 
New Delhi resident were transferred to the University of Kelaniya, Sri Lanka. They 
utilized institutional funds to prepare recombinant protein antigens for each disease. 
Few proteins for each disease were prepared separately and evaluated. Some of these 
proteins were prepared under two fellow ships given by the funds of the project and 
one direct fellow ships given by the ICGEB.

Design recombinant antigens: Few synthetic antigens of interest for each disease were 
selected based on literature. The genes were custom designed and chemically 
synthesized to prepare recombinant antigens. The choice of epitopes were based on 
three criteria namely, they were immunodominant, specific to IgM and/or IgG class 
antibodies and linear.

Construct recombinant plasmids: Plasmids were cleaved using relevant restriction 
enzymes and insert the gene of interest into the plasmid vector.

Clone, express and purify recombinant 6XHistidine (His) tagged proteins: 
Bacteria/yeast expression system were used to prepare His tagged proteins. 
Recombinant clones were selected on ampicillin plates and subjected to direct colony 
PCR screening, using insert specific primers, to identify recombinants harboring the 
synthetic gene. Orientation of the insert were verified by restriction analysis of 
plasmid minipreps.

Characterize each protein using western blot analysis: To characterize the purified 
recombinant protein, each protein was subjected to Sodium Dodecyl Sulfate 
Polyacrylamide Gel Electrophoresis (SDS-PAGE, together with appropriate controls 
and prestained markers electroblotted onto nitrocellulose membrane and probed with 
penta-His monoclonal antibody and visualized using anti-mouse IgG-AP conjugate 
and BCIP/NBT substrate (AnandaRao el al., 2005 and 2006).

Assess reactivity of each protein towards antibodies using western blot analysis: To 
assess the reactivity of recombinant protein towards anti-CHIK and dengue viruses 
and leptospirosis bacteria IgM and IgG antibodies, the purified protein was 
electrophoresed in a single wide well and blotted onto a nitrocellulose membrane, 
which was then cut into narrow strips. Each strip was then probed separately with
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patient sera for each disease that was previously characterized to be IgM+ IgG+, IgM+ 
IgG-, IgM- IgG+ and IgM- IgG-. The secondary antibody-enzyme conjugate differed 
depending on the probing serum was used as the source of primary antibodies. For 
strips that was probed with IgM+ IgG and IglvT IgG+ patient sera, the secondary 
antibody-enzyme conjugates used were anti-human IgM and anti-human IgG, 
respectively. For strips probed with IgM+ IgG+ and IgM- IgG- patient sera, either 
anti-human IgM- or IgG-enzyme conjugate were used (AnandaRao et al., 2005 and 
2006; Hapugoda et al., 2007).

Develop and optimize inhouse ELISAs using recombinant proteins: To evaluate the 
possibility of using the recombinant protein for diagnosis of each disease, an 
indirect/direct IgG and IgM ELISA systems for human sera were developed and 
optimized using the recombinant protein as the antigen. In the optimization different 
assay conditions were used. Serum samples for each disease obtained from reference 
laboratories were used for development of inhouse ELISAs.

Train project personals: Research Assistant directly involved in the project was 
trained.

Phase 2. Preparation well characterized serum panels for each disease 
(University of Kelaniya, Sri Lanka)

Obtain (ethical) permission: This project proposal was submitted to the Ethical 
Review Committee of the Faculty of Medicine, University of Kelaniya, Sri Lanka. 
Permission for the collection of clinical samples from suspected patients warded at a 
relevant hospital/s was obtained from the Director and Consultant physician/s of the 
relevant hospital. Patients over 18 years were recruited after obtaining informed 
written consent. Venous blood from each patient was drawn using sterile precautions 
by a Medical Officer. Information obtained was strictly confidential and individual 
names were not be mentioned in the data entered in the computer and sample vials.

Establish a research team from the existing resources: An adequately sized of team 
with sufficient expertise was assigned to the project by the counterpart institution.

Prepare a proper transportation system: A proper transportation system for the 
collection of clinical samples from hospital/s and outbreak area/s was arranged.

Prepare data/sample collecting tools: Questionnaires, consent forms and a computer- 
aided traceability system for each patient from collecting till storage after testing were 
prepared. Equipment, consumables and others needed for collection of clinical 
samples were prepared.
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Select sampling sites and human population: Depending on the epidemiological 
situation hospital/s from where a large number of suspected patients recorded were 
selected. Clinically suspected patients recorded from in/out patient departments of the 
relevant hospital/s were recruited according to the WHO criteria (WHO, 1997 and 
2003).

Collect clinical, clinical laboratory information and exposure history from suspected 
patients: Clinical, clinical laboratory information and exposure history were collected 
from all suspected patients using an interviewer-administered questionnaire and by 
referring the bed head ticket for warded patients.

Collect clinical samples from suspected patients: An acute blood sample was 
collected from each patient in the early symptomatic phase when patients are at the 
hospital. A convalescent (follow-up) blood samples was collected after 7 and 14 days 
apart of collection of the acute blood sample by visiting to the hospital/patient’s 
premise if they were discharged. Five millitres of venous blood sample was collected 
from each suspected patient into sterile disposable vials and transported directly to the 
main counterpart institution in ice. Serum was separated from each blood sample and 
stored frozen at -80°C until tested.

Confirm suspected patients for each disease by laboratory diagnostic assays: In order 
to confirm suspected patients by laboratory diagnostic assays; molecular and antibody 
tests were performed on collected specimens as described in Table 3.



Table 3. Laboratory diagnostic assay performed

Type of sample Type of assay Disease and references

Acute CHIK-RT-PCR for CHIK Hassebe et al. (2002)

(1-5 days fever) Dengue- RT-PCR for RNA Chow et al. (1993)

Nested PCR Seah et al. (1995)

Lepto-PCR for DNA Gravekamp et al. (1993)

Lepto-LAMP for DNA Sonthayanon at el. (2011) Thermo usir 
Scientific kit

Convalescent CHIK-IgM Commercial kit (National Institute of

(7-14 days apart Virology, Pune)

of acute sample) CHIK-HAI Clarke and Casals, 1958

Dengue IgM and IgG Commercial kit (Pan Bio, Australia)

Dengue-HAI Clarke and Casals, 1958

Lepto-IgM LEPTO CHECK IgM ELISA 

Commercial kit (Zephyr Biomedicals, 

India)

Lepto-IgG Leptospirosis: Martin and Pettit (1918)

Laboratory confirmed diseased and non-diseased patients among suspected patients 
were included in Panels 1 and 2 respectively.

Phase 3. Preparation of serum panels to determine cut off values of ELISAs 
(University of Kelaniya, Sri Lanka)

Collect serum samples from healthy volunteers: Hundred and ten serum samples were 
collected from healthy volunteers living in non-endemic area/s for each disease. 
Further, they did not have a recent travel history to visit to an endemic area.

Confirm healthy volunteers: All serum samples were tested for antibodies by above 
mentioned laboratory diagnostic assays.
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Determine the cut off Optical Density fOD) value: Serum samples were tested by 
ELISAs developed by novel recombinant protein antigens to determine the cut off OD 
value in each inhouse ELISA. Optimized assay conditions were used. One serum 
sample showing cut off OD value was selected

Phase 4. Evaluation of recombinant protein antigens on clinical samples as 
diagnostic intermediates (Universities of Kelaniya, Sri Lanka and Nagasaki, 
Japan)

Optimized assay conditions were used to evaluate IgM and IgG ELISAs using novel 
recombinant protein antigens. Well-characterized serum samples in Panels 1 and 2 
were tested. A negative control, selected from Phase 3 was used to determine the cut 
off value.

Phase 5. Carrying on common activities (University of Kelaniya, Sri Lanka)

Enter and manage computer-aided data bases: Computer-aided data bases for record 
keeping and data analysis were established. Results of clinical, clinical laboratory, 
laboratory diagnostic assays and ELISAs performed using novel recombinant protein 
antigens were included into the data bases. All data were double entered in Excel 
spread sheets. Access to data was restricted to the investigators and research students.

Analyze research data: Differences in clinical and laboratory data obtained from 
disease suspected patients whenever possible were analyzed on the basis of the final 
diagnosis assigned on laboratory confirmation. Analysis was carried out by 
comparing clinical symptoms of all confirmed patients (Panel 1) with healthy people 
(Panel 2). Chi-squre test (Epi 6 Version 6.04d software, Centre for Disease Control, 
U.S.A.) was used for comparison of categorical data. Two variables were analyzed at 
a 95% confidence interval and p- value <0.05 was considered as significant.

In inhouse ELISA developed using recombinant proteins, cut off OD value for 
seropositivity was determined based on Mean OD + 3 standard deviations for negative 
control serum collected from healthy people in Phase 3. The mean and standard 
deviation of OD values were calculated using the SPSS 15.0 package. Serum samples 
which show OD value more than cut off value were considered as positive (Santos et 
al., 2004).

Phase 6. Providing routine laboratory diagnostic facilities to the general public 
(University of Kelaniya, Sri Lanka)

Standard Operational Procedures (SOP) and safety manuals for diagnostic test 
developed for each disease using recombinant protein antigens were prepared and 
implemented. Resulted proteins are available at two counterpart institutions for field

25



use and further studies. Routine laboratory diagnostic services for CHIK, dengue and 
leptospirosis will be provided through IgM and IgG ELISAs developed using 
recombinant protein antigens.

Phase 7. Establishment of collaborative net works

National-1. Clinicians, Ministry of Health, Sri Lanka 2. Medical Research Institute, 
Sri Lanka.

International-1. Mammalian Biology-Recombinant Gene Products (RGP) Group, 
International Centre for Genetic Engineering and Biotechnology (ICGEB), New Delhi 
resident 2. Dept. Of Virology (WHO Reference Centre for viral reference and 
research), Institute of Tropical Medicine, Nagasaki University, Nagasaki 3. Dept, of 
Biomedical Research, WHO/FAO/OIE and National Collaborating Centre for 
Reference and Research on Leptospirosis, Royal Tropical Institute, Amsterdam.
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Methodologies followed for individual diseases (in detail) 

For chikungunya

Phase 1. Preparation and purification of recombinant protein antigens

A. Selection and designing of genes
Expected properties of recombinant protein antigens used for IgM and IgG ELISAs

> Immunodominant (having exposed epitopes which can bind with target 
antibodies)

> Specific to detect CHIK IgM and IgG antibody
> Linear (no hidden epitopes, less folding ability, easy to purify)

CHIK El and E2 genes from CHIK genome (Figure 2) were selected to prepare 
recombinant protein antigens to detect anti-CHIK antibodies.
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Non strupiural proteins Structural proteins

Hg. l  Oreaiiization of the CHIXV genome end gene products, t i e  CHKV genome resembles eukaiyotic nfNA; in that i: possesses 5' tap m m  and 3' poiy(A) lail.Ihe 5' and 3' 
proximal sequences of C U V  genome cany lion-translatable regions (NTRj.The junction region Jj j is also non-coding, A subgenoimc positive-strand mRNA referred to as 26$ ENA, 
is transcribed train a oegative-stranded-RNA intermediate and ser/es as the mRNA for the synthesis of the viral structural proteins, Tire different non-structoial proteins (nsPl- 
nsM) and structural proteins (C, Capsid: 11, E2, El, envelope: 6K) a i e p a a t e d  alter proteolytic cleavage of polyprotein precursors.
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Outer layer of CHIK virus is covered with spikes (Figure 3). Triplets of heterodimer 
of El and E2 glyco proteins are components of a spike. The viral spike proteins (El 
and E2) facilitate attachment to cell surface and viral entry in to the cells 
(immunodominant). Properties of two proteins are given in Table 4.

Capsid protein 
{CP)

Figure 3. Outer layer and cross section of CHIK virus

Table 4. Properties o:?CHIK El and E2 proteins
Property El E2
Size 435 amino acids 

MW of 44 kDa
423 amino acids 
MW of 43 KDa

Immunodominancy Class II fusion protein that 
mediates low pH triggered 
membrane fusion during 
virus infection.

Type I trans membrane 
glycoprotein responsible for 
receptor binding during the 
course of alphavirus cycle

Epitope location Fusion peptide is located at 
the tip of the El molecule in 
domain II, close to amino 
acid 226.

E2 interacts with the nucleo 
capsid core at the C terminus 
and contains the receptor 
binding site at the N terminus.

DNA sequences of these two genes were obtained from the Gene Bank (Figures 4A 
and B).

DNA sequence responsible to form 6X His tag at the N terminus of the protein was 
added to the El and E2 gene sequences. These two genes were chemically 
synthesized by DNA2.0 Inc. 1430 Obrien Drive, Suite E, Menlo Park, CA, 94025.

Protein parameters were obtained using Gene runner, Expasy bioinformatics resource 
portal-Translate tool and Expasy bioinformatics resource portal-ProtParam Tool.
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Start codon- Methionine
t c t g g c c a t t c (5a t g £s g t c c t a a t a c t g t g g g t g t c c c g t a c a a a a c g c t g g t t a a c c g t c c a g g t t a
CTCGCCGATGGTGCfGGAGATGGAGCTGCTGAGCGTCACCCTGGAACCGACGCTGTCCCTGGATTAC 
ATCACGTGCGAGTACAAAACCGTTATTCCGAGCCCGTACGTGAAGTGCTGTGGCACCGCTGAATGCA 
AGGACAAGAATTTGCCGGACTATAGCTGCAAAGTTTTCACCGGTGTCTATCCGTTTATGTGGGGCGG 
TGGGTATTGCTTCTGCGATGCGGAAAACACCCAGTTGAGCGAGGCCCACGTTGAGAAAAGCGAGTCT 
TGTAAAACGGAATTTGCCAGCGCGTACCGCGCACACACTGCATCCGCGAGCGCGAAGCTGCGTGTGC 
TGTACCAGGGTAACAACATCACGGTGACGGCGTATGCAAACGGCGATCACGCTGTGACCGTCAAAG 
ATGCGAAATTCATTGTCGGTCCGATGTCGAGCGCGTGGACCCCGTTCGATAACAAGATTGTTGTTTAC 
AAGGGTGACGTGTACAACATGGACTATCCACCTTTTGGTGCAGGTCGTCCGGGCCAATTTGGCGACA 
TTCAGAGCCGCACGCCGGAGAGCAAGGATGTTTATGCGAATACCCAGCTGGTCTTGCAGCGTCCGGC 
AGCGGGTACGGTCCATGTTCCGTATAGCCAAGCACCGTCTGGTTTCAAGTATTGGCTGAAAGAACGT 
GGTGCGAGCCTGCAACACACTGCTCCGTTTGGCTGTCAAATTGCGACCAATCCGGTGCGTGCGATGA 
ATTGCGCGGTTGGCAATATGCCAATCAGCATTGATATTCCGGACGCAGCATTCACCCGTGTTGTCGAC 
GCGCCAAGCCTGACCGACATGAGCTGCGAAGTCCCGGCGTGCACCCACTCCAGCGACTTCGGTGGTG 
TCGCGATCATCAAGTACGCCGTGTCTAAGAAGGGTAAGTGTGCCGTGCACTCTATGACCAACGCTGT 
TACGATTCGCGAGGCCGAAATCGAAGTCGAGGGTAACAGCCAGCTGCAAATCAGCTTTAGCACCGCT 
CTGGCATCCGCTGAGTTTCGCGTTCAGGTTTGCAGCACCCAAGTGCACTGTGCGGCCGAGTGTCACCC 
GCCTAAAGATCACATCGTGAACTACCCGGCGAGCCACACCACCCTGGGjCCIGGAAGACAXCAGCGC 
A^Ci^CAIIilCCTGGGTTCAGAAAATCACCGGTGGTGGCGGKATCA'rCACCACCACCATCACCAD5 

■^ATCATjfGATAACTt:

6X Histidine tag Stop codon

Figure 4A. Sequence of CHIK El gene (GENBANK-FJ513677.1)

Start codon - Methionine
dATGbGTTCGACCAAAGACAACTTCAATGTGTACAAAGCCACCCGCCCATATCTGGCGCACTGCCCG
GAGTGCGGTGAAGGTCATTCGTGCCATAGCCCTGTGGCGCTGGAACGTATCCGTAACGAGGCGACCG
ATGGCACCCTGAAGATCCAAGTTAGCTTGCAAATCGGCATTGGTACGGACGACAGCCACGACTGGAC
CAAGCTGCGCTATATGGATAATCATATCCCGGCAGATGCCGGTCGTGCCGGTCTGTTTGTCCGCACCA
GCGCACCTTGCACCATTACGGGTACGATGGGTCACTTTATCCTGGCCCGTTGCCCGAAAGGCGAAAC
CTTGACCGTGGGCTTCACCGACTCTCGCAAAATCAGCCACAGCTGCACTCATCCGTTTCACCATGATC
CGCCGGTCATTGGTCGCGAGAAATTCCACAGCCGTCCGCAACACGGTAAAGAATTGCCTTGTAGCAC
GTATGTTCAGAGCAACGCGGCAACCGCTGAAGAGATTGAGGTTCACATGCCACCGGATACGCCGGA
CCGTACCCTGCTGTCTCAACAATCCGGCAATGTCAAGATTACGGTGAACAGCCAGACGGTCCGTTAC
AAATGTAATTGTGGCGGCAGCAACGAGGGCCTGATTACCACCGACAAAGTGATCAACAACTGTAAA
GTTGATCAGTGCCACGCAGCGGTGACCAATCACAAGAAGTGGCAGTACAATTCCCCGCTGGTGCCGC
GTAATGCGGAATTGGGCGATCGTAAAGGTAAGATTCACATCCCGTTCCCGCTGGCGAATGTTACTTG
TATGGTTCCTAAGGCTCGCAACCCAACGGTTACTTACGGTAAGAATCAGGTCATTATGCTGCTGTACC
CGGACCACCCGACCCTGCTGAGCTACCGCAGCATGGGTGAAGAACCGAATTACCAGGAAGAGTGGG
TTACGCACAAGAAAGAGGTTGTCCTGACGGTGCCGACCGAGGGTCTGGAGGTGACGTGGGGTAACA
ACGAACCGTACAAGTACTGGCCGCAACTGTCTGCGAACGGGACCGCGCATGOTCATCCGCACGAGAT

^ T T r T G T A T T A G T A T G A G r T r r r A T r r G A G G A T G A r r G G T G G r G G T G G T ^ A T E A r r A r t A T r A r Y A r T S
^CCATCATCAC(rcATA^TCGA^ ------- -------- ------
6XTlTstidine tag Sropcodon

Figure 4B. Sequence of CHIK E2 gene (GENBANK-GU434112.1)
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B. Clonning of genes to plasmids to form recombinant genes 
These two gene sequences were cloned to expression vectors pET32a, pET28a and 
pJex 404 vectors. Six clones were prepared as described below (Figure 5). Some of 
the important properties of the vectors are given in Table 5.

E1/E2

pET 28a
pET 32a

pJexpress 404

Figure 5. Plasmids used for cloning

Table 5. Properties of vectors

Vector Resistence
Marker

Promotor Origin

pET 28a Kannamycin T7 pUC (High Copy)
pET 32a Amphicilin T7 pUC (High Copy)
pJexpress 404 Amphicilin T5 * pUC (High Copy)

C. Transformation of recombinant clones
Six clones were transformed to a bacterial expression system, Escherichia coli (E. 
coli) (BL21) (DE3) separately using freeze thaw method.

D. Culturing of transformants
lry culture- Six transformed bacteria cultures containing bacterial cells were cultured 
with appropriate antibiotic at 37 °C for overnight.

E. Expression of proteins
2ry culture was induced with 1 mM IPTG at 0.6 Optical Density (O.D) .Expression of 
protein was optimized varying the conditions (Figure 6) After induction cultures were 
kept at 16°C for overnight. Cell pellets were washed with 0.9% NaCl. Induction was 
checked by running SDS PAGE gels followed by western blot analysis
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IP T G  co n cen tration

0 .1  m M  ° -5 m M

30 m in 1 H r 2 H rs  30 m in 1 H r 2 H rs

Conditions: 16°C / 200 r.p.m

Figure 6. Optimization of expression was performed by induction with different IPTG 
cone, for different time intervals

F. Checking solubility of proteins
1 ml of pellet was dissolved in 1 ml of PBS with Lysozime. Sonicated for 2 minutes 
keeping the culture pellet at 4°C. Supernatant and pellet was run on a SDS PAGE Gel 
to check for protein (Figure 7).

Pellet
(Insoluble proteins/inclusion bodies)

1
Purification using denature 

conditions

Supernatant 
(soluble proteins)

1
Purification using native 

conditions

Figure 7. Schematic presentation of checking solubility of proteins

G. Purification of proteins
Protein purification is a three phase strategy (Figure 8). It involves binding of proteins 
to Ni-NTA columns, removing bulk impurities by washing with different 
concentration/pH buffers and finally eluting out the protein and refolding of proteins 
by dialysis. Protein purification was done using native conditions and denature 
conditions (Figure 9). It was done by Ni-NTA affinity chromatography (Figure 10) 
using fast Protein Liquid Chromatography (FPLC) (Figure 11).

Three Phase Strategy
Purity

Figure 8. Steps of protein purification
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Selected cells with expression vector
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Figure 9. Methods used for protein purification
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Figure 10. Theory of Ni- NTA affinity chromotagraphy
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Figure 11. Function and output of Fast Protein Liquid Chromatography (FPLC) 

Dialysis of El and E2 protein to remove buffers
Dissolved protein in 8 M urea was Introduced (2 ml) into a dialysis bag (Figure 12). 
It was dialyzed for 2 hrs at Room Temperature (RT) by stirring vs 6  M Urea, 50 mM 
Na2C03, NaHC03 buffer. Then it was dialyzed for 2 hrs at Room Temperature (RT) 
by stirring vs 4 M Urea, 50 mM Na2C03, NaHC03 buffer. Again the protein solution 
was dialyzed 2 hrs at 4°C by stirring vs 2 M Urea, 50mM Na2C03, NaHC03 buffer. 
Finally, protein solution was dialyzed 2 hrs at 4°C by stirring vs 50 mM Na2C03,
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NaHC03 buffer. After dialysis steps, protein mixture was centrifuged and supernatant 
was collected into a new tube. Absorbance of resulted refolded protein was measured 
at 280 nm.

Dialysis. bag ...

Concentratedsokjtiun

Buffer -

At Mail didffsis At equilibrium

Figure 12. Dialysis of proteins

34



Phase 2. Development and optimization of IgM and IgG ELISAs using 
recombinant protein antigens to detect anti-CHIK antibodies
Samples- 15 positive and 5 negative serum samples confirmed by HAI (Medical 
Research Institute, Sri Lanka) and IgM ELISA (National Institute of Virology, Pune) 
Indirect IgM and IgG ELISAs (Figure 13) were optimized (Figure 14) using a 
checker board titration ( Figure 15).

Substrat

Figure 13. Theory of Indirect ELISA

Ag- Antigen 

E- Enzyme

RECOMBINANT 
PROTEIN ANTIGEN

♦-*

SERA SAMPLES CONJUGATE SUBSTRATE STOP

V CM

$

^  :
Incubate and wash

Antigen 

coated with 

coating buffer

Incubate and* wash Incubate and wash Incubate

I17 Antibody- 

Added serum 

samples Diluted in 

sera diluent (SD), 

37°C 1 hr

217 Antibody- 

Goat raised Anti 
Human Antibody 
(H RPO  labeled) 

dissolved in SD, 

was added

3,3',5,5'-

Tetramethyl

benzidine
substrate

solution was

added

READING

2 N H 2S 0 4 

was a
Absorbance were 

taken at 650 nm 

ref 450 nm

Figure 14. Basic optimization procedure of indirect ELISA
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1 2 3 4 5' 6 7 8 

+Ve -Ve +Ve -Ve +Ve Ve +Ve -Ve

A Coating Protein antigen 10gg/ml

B Coating Protein antigen 10|ig/ml

C Coating Protein antigen 8 ug/ml

D Coating Protein antigen 8 gg/ml

E Coating Protein antigen 5 |ag/ml

F Coating Protein antigen 5 ug/ml

G Coating Protein antigen 2.5 ug/ml

H Coating Protein antigen 2.5 ug/ml

PBS 1:5000 1:10000 1:20000

* Dilutions of secondary antibody *

+Ve : Positive control 

-Ve : Negative control

Figure 15. Checkerboard ELISA to determine optimal dilutions of protein 
antigens and secondary antibody for ELISA

Determination of cut off values for ELISAs 100 serum samples were 
Collected from healthy volunteers from Nuwara Eliya. Then confirmed 
samples for the absence of CHIK RNA (RT-PCR) and anti-CHIK antibodies 
(E1AI). Tested samples by IgM and IgG ELISAs developed using 
recombinant protein antigens and determined cut off values for IgM and IgG 
ELISAs developed using recombinant protein antigens. Cut off value was 
determined as described in below equation.

Cut off value = Mean OD value of negative samples + 3 Standard Deviation 
(SD)
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Phase 3. Evaluation of IgM and IgG ELISAs developed using 
recombinant protein antigens to detect anti-CHIK antibodies in field 
clinical samples

A panel of serum samples kindly provided by Medical Research Institute, Sri 
Lanka and Institute of Tropical Medicine, Nagasaki University were used. 
These samples were characterized using methods described in Table 2.

Sensitivity = No of true positives X 100

No of true positives + false negatives

Specificity = No of true negatives X 100

No of true negatives + false positives
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Phase 4. Analysis of specificity, sensitivity and agreement of IgM and 
IgG ELISAs performed using each protein antigen with serological
assays
Specificity, sensitivity and agreement of IgM and IgG ELISAs performed 
using each protein antigen with serological assays.

New experiments carried out (Not mentioned in the original proposal)
Cloning, expression and purification of El and E2 genes in Pichia pastoris

Both El and E2 genes, that code for the E proteins of CHIK virus, which 
should be cloned in P. pastoris was ordered from GenScript. These genes 
were cloned in to pPICZA vector (Pichia expression vector). Clones 
containing El and E2 insert were screened using Zeocin resistance. Plasmids 
were purified using these clones and was linearized using sacl enzyme. 
Linearized DNA was transformed to KM71H Pichia strain using 
electroporation. The transformed positive colonies were selected using 
zeocin resistance and was used in expression of El and E2 proteins. After 
confirming from a western blot these proteins were carried in to scale up 
expression. 1% methanol was used for 72 hours with every 12 hours 
induction. Cells were harvested at 72 hours. Cells were lysed using 
sonication through glass beads. Both the supernatant and pellet were checked 
by running a western blot. El and E2  proteins were purified under denature 
conditions (pH based) using Ni NTA columns.

IgM ELISA

Comparison of bacterial protein vs Pichia proteins: Serum samples for CHIK 
obtained from MRI was used for the development of inhouse ELISA. El and 
E2 bacterial proteins and Pichia proteins were coated in the same plate and 
previously optimized protocol was followed here for the comparison of 
proteins.

IgG ELISA

Comparison of bacterial protein vs Pichia proteins: Serum samples for CHIK 
obtained from MRI was used for the development of inhouse ELISA. El and
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E2 bacterial and yeast proteins were coated in the same plate and previously 
optimized protocol was followed here for the comparison of proteins.
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For leptospirosis

Phase 1. Preparation and purification of recombinant protein antigens
Leptospirosis Outer Membrane Lipoproteins (OMP) Lipl 32 (Figure 16) was 
selected as recombinant antigen genes. This gene was ordered and 
synthesized from Genscript, USA. Then, the gene was cloned and expressed 
in bacterial expression system E. coli (BL21) (DE3). Resulted protein was 
purified under denatured conditions using Ni- NTA.

ATCTCCGTTGCACTCTTTGCAAGCATTACCGCTTGTGGTGCTTTCGGTGGTCTGCCAAGCC
TAAAAAGCTCTTTTGTTCTGAGCGAGGACACAATCCCAGGGACAAACGAAACCGTAAAA
ACGTTACTTCCCTACGGATCTGTGATCAACTATTACGGATACGTAAAGCCAGGACAAGCG
CCGGACGGTTTAGTCGATGGAAACAAAAAAGCATACTATCTCTATGTTTGGATTCCTGCC
GTAATCGCTGAAATGGGAGTTCGTATGATTTCCCCAACAGGCGAAATCGGTGAGCCAGGC
GACGGAGACTTAGTAAGCGACGCTTTCAAAGCGGCTACCCCAGAAGAAAAATCAATGCC
ACATTGGTTTGATACTTGGATCCGTGTAGAAAGAATGTCGGCGATTATGCCTGACCAAAT
CGCCAAAGCTGCGAAAGCAAAACCAGTTCAAAA

Figure 16. Leptospira interrogans serovar Copenhageni strain, 
outermembrane lipoprotein (lipL32) gene sequence (GenBank: GQ204288.1)

Lipl48 protein was also prepared using above conditions.

Phase 2. Preparation well characterized serum panels for each disease 
(University of Kelaniya, Sri Lanka)

150 acute samples and 106 convalescent samples were collected and 
characterized using LAMP, PCR, IgM ELISA and MAT test as mentioned in 
Table 2.

Phase 3 (Preparation of serum panels to determine cut off values of ELISAs) 
and Phase 4 (Evaluation of recombinant protein antigens on clinical samples 
as diagnostic intermediates) were performed following the same procedures 
as mentioned in the original methodology in the project.
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For dengue Dengue

Phase 1. Preparation well characterized serum panels for each disease 
(University of Kelaniya, Sri Lanka)

206 acute samples and 2 0 2  convalescent samples were collected and 
characterized using tests as mentioned in Table 2.

Phase 2. Field evaluation of recombinant protein antigen and kits

ELISA kits (IgM-Lot no. EDM 020810, IgG-EDG010710) prepared by J. 
Mitra Company, transferred through ICGEB, New Delhi were field 
evaluated. Serum samples and results were transferred to ICGEB, New Delhi 
Resident for their studies.
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iv. Results/out puts 

For Chikungunya

Preparation of CHIK proteins in bacterial vector 
systems- E . co li

Protein parameters

Protein parameters of El and E2 recombinant 
proteins in pET28a, pET32a and pJex404 vectors 
are given in Figures 17-22.
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Figure 17. protein parameters of El protein in pET28a
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3 7 0  3 0 0  310*
3TALASAEFR VQVCSTQVr.C AAECHPPKDH

4 3 0
V.J 1: * XU W  3. Y..X

•90 5 0
H V L E H IL L S V  T1..VP~1.-3L1-V IT C E Y K T V 'i??

1 0 £  iLQ  1131FITWGGAYCirC DA£UVLSEA TVLFSFSCKT
3 1.0 1 7 0  1 3 0

YAfKI'DFAVTV KDAK F I VGPM S3.APT if FDNX

22 0. 230 llix
'VFFSFLVYAN TQ.LVLQRPAA GTVHVEYSQA

2 i:o  2 3 0
RAT'GAAYGGG t  IS  1DX PI-AA F.TRVY DAP S I

3 1 0  3.50 3 60
KCAV.KSS'1TNA V TIE E A .E IF V  IG H SV G Q ISF

•K;£ 4 IQ.
f  VNY FAS HX T L GVQDI3 AT A HSWVQ K ITG  C-

.Number of amino acids-: 4 32 

Molecular weight,: 1 0 8 3 1 , 1  

Theoretical pi.; 6 . 6 6

Ext. coefficient 50310
M>s 0.1% (—1 g/l) 1.073, assuming all Cys residues are reduced

Figure 19. protein parameters of El protein in pJEX
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ProtPanam

ProtParam

User-provided sequence:

I S  3 0  3 0  4 0  50 6 2
MGSIXDREHV YRAJRFYL&H CFDCGEGH3C HSFVALERJP aSATOGTZS. QV3LQIGIGT

~2 so 50 100 1.10 12 0.
DBSKDsffKCR YME31KIPAI® G SA G LrV SiS  RF'CTIIGTHG HE' ILARCPKG EI.LTViEE'IDS

3 3.0 1 4 0  1 5 0  16,0 ,10.0 1 5 0
RYI.SHSGTriF FHHDFEVTGR EHEIHSSPQHG KELFOSTYYQ S’scXTAES IE  VHMPPDI '<? C'R

2 9 0  2 0 0  2 1 0  2 2 2  2 3 2  2 4 0
ILESOQSGBV H IIV N SQ IvR  YKCEiCGGSHE G LIITD K V IH  NCKViXJElHlA vTHHKKMQYO'

2 8 0  2 6 0  2 0 0  2 2 0  2 S 0  3B 0
SFLYPSHAEL G D RKG O H IF FFCANYICMY PKA SliP IV IY  GKPOVIHLIY EDHFTLL5YR

3 1 0  3 2 0  33.0 34.0 O l  3 6 0
EMGEEPKYgE E;n~El«KEVv LTVPrEG LEv THGNNEPYPY WPQLSAJK-T* H G H P H £ i:i;

3 ~ 0  3 8 0
YYELY PTK IG  GGGHHHHHEK HHE

Number of casino acids; 333 

M o le e iila r  w e ig h t:  42898.3 

Theoretical p i ; 7.42 

Ext , coefficient 5.1340
Abs 0.1% { = 1 g/i) 1.197, assuming all Cys residues are reduce;

Figure 20. protein parameters of E2 protein in pET28a

4 5



e i c ^ :
" • r  • *. . . J : . u .

P ro tP a ra m

P r o t P a r a m

U s e r - p r o v i d e d  s e q u e n c e :

K S D K I X
A O .

iD X r D v I .K A . - 9 .1  L V D  c ’S A
0 . 3

if  c  k m  :;:a
- 3

F I L S E I A S Y
« ,g.

Q u f K L T 'O 'l lK L I O

7.St
X IX £ N  Sr G rT i l p K Y G I R G I I T L L

0 . 0
I_ f t 'H K G r lV /A C - '

a  0 .0 i l . 5
K E  E L IV A I IE A C r

1 2 5 .
S G 3 C - H 3 M G P H

'
T V -G "v ' ! ? Y K  T I V E H E lV E i J V T 'L . 'E

“ *■£!
f ' l L S L D m i r i E T V I  3  ft P 'V

- '  O D . 
Y X C C A f t A E C X

l
i - i r f - s c K

2 .3  0

V F X Q V T P F M 't f
.1 1 :2

G G a Y C F C D A E
2 :2  <2

' N T C - 3 E f - - i ' 9 E
i . f t O

K S t S C K T I  ft'O

O f t o r i Y i o f t f t A f t ; X : ” I  ' ' 0 0 0 - 0 5 3 0 . a-t  :•:■■ ft T f A f t i r - r o 'i 'f t : G E V Y 2 ;o-ir;i's:'

? x - D ,i g £ j . > . ' r  f £.
3  '9  3 < 5 ~ 0

V  2 ; - . A 2 ' V
3  3 .0 .

b. V  if  T 11 t , . x  Ev s
3

3  K l Y t A . b f t . f i  O P .

Vi VO .;>■ 0 0  3 0
I I V ;  SV O O A F 'r p

4 2 ,3 4  0  0

. ' i C E v  t  i v c r v - i f i

.5  D F G i - 'V A I  i .H V A V S K K G K C A
*t ft 0
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S Q L Q I S F S T f t
•4 3 ,0

L A E A E L 'P .V O 'O

C 3  i'C r 'v ' H 21'i V t £' C H P P K I l H I l ’ f i 'S P A S . H T  T L .G V
5 2  5

Q A I '- S P .  X A 9 i 3 3
q .

v Q - t n 0  l-G G 'H h h :-!h ? 5 H h :-!. h

Humber of amino acids: 539 

M o l e c u l a r  w e i g h t :  5 8 2 8 3 . 1  

Theoretical, pi: 6.21

Ext. coefficient 64290
Abf. 0.11 (=1 g/1) 1.103, s.33uxalng all Cva residues ere reduced

Figure 21. protein parameters of E2 protein in pET32a



ProtParam

ProtParam

U s e r-p ro v id e d  s e q u e n c e :

3:0 2.0 30. 40 : 0 0 0
FVKHMGGH5M GS” Xr-’TFf3VY XG.TFPVI.AHC PDCGEGHSCH GF-.7G.EGIGfj EhI.EGTLEIO

<0 GO 20.0 2 20 2 2 0
V'SllQISIGT.D DSHDWXKI.PY MDXEIPYDa G GGiG.LFv'GTGa FGTITGTHGH FI La RCPKGE

2 0 0 2G0 2 :-0 2 60 20 0 23.Q.
T.LTVGFID5R H IS H S C T H P F HiiDFPYl.GPE XFHGGPOHGK ELPCOiYVGS YiAZ.72*.zZ 1 Ev

7. 4.Q 2 0 0 2 1 0 2 0 0 2 30 2 4 0
HMPP.DTPDPT L'LSQySGirvX : t vo;.?:;g".g .v KCOGGGSHEG LXTXDKVI>?fJ CXGDGCHAa I

2 50 2 3.0. o ?.Q. 200 200 30.0
rrrf-KKWQYHS F.IA; PPNIiSPG DP.KGKIr'I PF iPOiGr/TCFf/F KaONPTVXi G KNQVXM Li/'F

o : o 2 2 £ G'#.0. 0 4 0 3 5 0 30,0
DHSXLLSs&S KGEHPSXSEE YVTdXXEvvL rvPTEGLFVT &GHHEP'VKYW

GOO 3 00
G HPEOILTF YELFrTMTGO i-GHEfitt p E 3 c. Hr:

N a m b e r  o f  a m i n o a c i d s : 3 9 2

Molecular weigtot: 4336:1.3

Theoretical pi; 7.53 
Ext. coefficient 51340
&bs 0.1%- t = I  o / IS 1 . 1 7 1 .  a s s u m i n g  a l l  Cys r e s i d u e s  a r e  r e d u c e d

Figure 22. protein parameters of E2 protein in pJex 404
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Expression of recombinant proteins

Expression of proteins were checked by using SDS-PAGE and western 
blot.

Expression of El and E2 proteins of each clone are shown in SDS- 
PAGE gels given below (Figures 23-25). Expression of El and E2 
proteins in each clone are shown in western blot (Figures 26).

F ig u r e  2 3 .  S D S  P A G E  g e l p h oto  sh o w in g  in d u ction  w ith  1 

m M  IP T G  , p E T  2 8 a  E l and E2.

M - L o w  M o le c u la r  W eig h t m arker, E l / l  - In d u ced  E l p rotein , 

E l /U  - U n in d u c e d  E l p rotein , E2/1 - In duced  E 2 p rotein , E 2 /U  - 

U n in d u c e d  E 2 protein

El was not expressed 
M.W 45.93 Kda 
pi 6.59

Checked with western blot



Figure 24. SDS PAGE gel photo showing induction with 
1 mM IPTG- pET 32 El and E2

M - L o w  M o le c u la r  W eig h t m arker, E l /I  - In d u ced  E l p rotein , 

E l /U  - U n in d u c ed  E l p rotein , E 2/I - In d u ced  E 2 p rotein , E 2 /U  - 

U n in d u c ed  E 2  protein

El was not expressed Check with western blot
M.W 58.289 
pi 6 .2 1

4 9



Figure 25. SDS PAGE gel photo showing induction 
with 1 mM IPTG- pJex El and E2

M - L o w  M o lec u la r  W eig h t m arker, E l /I  - In du ced  E l 

p ro tein , E l /U  - U n in d u c ed  E l p rotein , E 2/I - In d u ced  E l  

p rotein , E 2 /U  - U n in d u ced  E l protein

El and E2 genes were not expressed Check with western blot

5 0



pET 32 pET 32PSMpJEX pJEX pJEXpET32 pET3 pET28 pET28E2/U E2/I EM El/I El/U El/I El/U El/I El/U— lipping
$  ' ^iflM'v: U -■ ■ ■ 1'̂ ̂̂ 1̂1:iMflilijl P̂iiSRiPiliIjPl|l:g|#||pj§BlilMljB
M M jii a flBJI jjjMI|jl>8Pr- .-̂itif'" .,:- vjB*1 i ■,-p:';." r?m.

splKHB§PH 1 H |||
twill |J|| ki'-

lllI||S ■■■11gUMiIIBfclll iifciiiiiiliiiil̂ ^

|fjj||p1 1 1 1 1 1gjSBsiiipiiî HI■̂iPBaiil ^pjjpP";i'::k̂ g

F ig u r e  2 6 .  W estern  b lo t im age  sh o w in g  e x p re ss io n  o f  E l and E2 protein s

P S M - P re sta in ed  m arker, E l / I  - In duced  E l p ro te in , E l / U  - U n in d u ced  E l  

p rotein , E 2/I - In d u ced  E 2 p rotein , E 2 /U  - U n in d u ced  E 2 protein
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Checking solubility of El and E2 proteins

M  p28 p28 p32 p32 p28 p28 p32 p32

p'F.2 s 'E2  p/E2 s/E2 p/E2 s/E2 p/E2 s/E2

97
66

45

40

30

20

Figure 27. SDS PAGE gel photo showing solubility of 
E2 protein

M- Low Molecular Weight marker, P28 -  pET28, P32 -  
pET32, p/E2 -  E2 protein in pellet, s/E2 -  E2 protein in



Induction of proteins at different IPTG concentration and time 
periods
Induction of E2 and El proteins are shown in Figures 28 and 29 
respectively and results are tabulated in Table 5.

(A) pET28 - E2
+ve 2H 2H 1H 1H PSM 30m 30m Std UN

S P S P S P

(B) pET32 - E2

2H 2H 1H 1H PSM 30m 30m Std UN
S P S P S P

:? • ■ _ 2

1 1

Figure 28.Western Blot images showing expression of E2 protein at different IPTG 
concentrations, (A) pET28a- E2 ,(B) pET32a-E2

+ve - positive marker, 2H/S- Protein amount in supernatant after IPTG induction for 2hrs, 
2H/P- Protein amount in pellet after IPTG induction for 2hrs, 1H/S Protein amount in 
supernatant after IPTG induction for lhr, 1H/P- Protein amount in pellet after IPTG 
induction for lhr, 30m/S- Protein amount in pellet after IPTG induction for 30 mins, 
30m/S- Protein amount in pellet after IPTG induction for 30 mins, Std- standard method 
1mm IPTG for 3 hrs. Time change affect the solubility or yield of the proteins. Standard 
method is more suitable.
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(A) pET32- El

+ve 2,1 2,S 2,P PSM UN 1,S 1,P 1,1

(B) pET28- El

+ve Tin 2.S 2.P 2.1 t.S 1.P 1.T PSM

Figure 29.Western Blot image showing expression of El protein at 
different IPTG concentrations, (A) pET32a-El,(B) pET28a- El

PSM- pre stained marker+ve- positive marker, 1- 1st method. 2- 2nd 
method, S- supernantant, P- pellet, UN- uninduced, I- Induced, 1st 
method- lpM IPTG 16C, 24HRs 2nd method - ImM IPTG, 37C, O.D 0.6 
-  16C, 24Hrs Yield for protein is more in 2nd method Therefore the 
standard method is more suitable
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Table 6 . IPTG concentration Vs. induction of proteins

IPTG
concentration

Conditions Visibility 
of protein 
El

Visibility of 
protein E2

1 mM 37°C, 3 Hrs Good Very Good

0.5 mM 37°C, 30 min - Good

37°C, 1 Hr - Good

37°C, 2 Hr - Good

1 uM - Poor

Optimal assay conditions for purification of proteins under native 
condition

During protein purification different concentration of buffers, 
temperatures, time duration, sonication were optimised for getting better 
yield of each protein. Optimal assay conditions under native (Figures 30 
and 31) and denative (Figures 32 and 33) conditions are given below.
> Resuspending cell pellet in Lysis buffer (50 mM Sodium phosphate, 

30 mM NaCl, 20 mM Imidazole, 0.2% tween 20, Lysosyme 1 mg/ml, 
pH 8.0)

> Chilling at -20°C for 15 min
> Stirring at 4°C for 10 mins
> Sonicating at 33% amplitude for 5 mins
> Pelleting cell debris at 10,000 rpm for 1 hour
> Equilibrating supernatant with Ni- NTA at 4°C over night
> Purification using FPLC with Imidazole elution

55



M 32 E2 32 E2 32E2 32E 1 32E 1 32E 1 32E1 32E 1 32E1 
Supl8 Supl7 Supl6 Supl2 S u p ll Sup 8 Sup7 Sup 5 Sup 4

~  ^  ■ .....

97 IBsMI(■■■B ■ ( P 1^  ..m m m m m s a g ............... ........... ...

66
WHmm m am

■i-h
■ h h n m n l

b b b m b i
Figure 30. 12% SDS PAGE gel showing the purified El and E2 
protein: Under native condition

M -Low Molecular Weight Marker, Sup 4 -  sup 18 protein fractions

32E1 32E1 32E2 PSM 32E1 32E2 +ve

105
84

: _ 50 . '

36 ■. ■■■:■.’■ •• ■■ • . ■■:■'
29 ■ ■ .;-,■ ..■; . a

Figure 31. Western blot showing the purified El and E2 protein- 
Under native condition

PSM -Pre Stained Marker, +ve - positive control.
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Purification under denature condition
Optimal conditions for purification proteins under denative 
conditions

> Resuspending cell pellet in Lysis buffer ( 10mm Tris, 300 mM 
NaCl, 6 M GuHCL, 0.5% tween 20, pH 8.0)

> Stirring at RT until getting a homogeneous solution

> Sonicating at 33% amplitude for 5 mins

> Pelleting cell debris at 10,000 rpm for 1 hour

> Equilibrating supernatant with Ni- NTA at RT for 4 hours.

> Purification using FPLC with pH based elution method.

> Checking protein using a SDS- PAGE gel

F44 F43 F42 F41 F40 F39 F38 F T  lid s  I .M W

4 0

30

Figure 32.12% SDS PAGE gel showing the purified 
E2 protein: under denative conditions LMW -

Low Molecular Weight Marker, Bds- Beads, FT- Flow Through, 
F 3 8  — F 4 1  p r o te in  f r a c t io n s .

Concentration of El protein 0.21 mg/ml
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F26 F27 F28 F29 F30 F31 L M W

Figure 33. 12% SDS PAGE gel showing the purified 
E2 protein: Under denative conditions

LMW -Low Molecular Weight Marker, F26 - F31 protein fractions

Concentration of E2 protein 4.28 mg/ml
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Preparation of CHIK proteins in yeast vector system­
ic p a s to r is

Purification of CHIK proteins

El protein has a molecular weight of 45 kDa and pi of 6.4. E2 protein has 
a molecular weight of 42 kDa and pi of 7.4.

M Sup Load FT Bds F15 F16 F17 F18 F19

Figure 34.SDS-PAGE analysis of Ni-NTA affinity column fractions 
obtained during the purification of chikungunya El protein.

M- Low Molecular weight marker, Sup- Supernatant of the harvested 
Pichia culture, Load-Protein solution bound to Ni-NTA, FT- 
Flowthrough containing unbound proteins, Bds- Ni-NTA beads, FI5- 
19- Eluted protein fractions
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M  F 23  F 24  F 2 5  F 26  F T  B d s L oad

90,
66

45 I;
40

iP

42KDa

30
4
%

l

I-

Figure 35. SDS-PAGE analysis of Ni-NTA affinity column fractions 
obtained during the purification of chikungunya E2 protein.

M- Low Molecular weight marker, F23-26- Eluted protein fractions, 
FT- flowthrough containing unbound proteins, Bds- Ni-NTA beads, 
Load-Protein solution bound to Ni-NTA
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Development and optimisation of ELISAs using recombinant proteins 
expressed in E. coli and P. pastoris

Optimal assay conditions for IgM ELISA

> Coating 96 well flat bottom ELISA plates with 100 pi of diluted El 
and E2 protein (10 pg/ml in 0.1 M carbonate buffer pH 9.5) and 
incubate 4oC overnight, Washing with IX PBS -  1 time.

> Blocking with 300 pi of blockase (5% skimmed milk, 2% PVP in 1 
X phosphate buffered saline) at 37°C for 2 hours , Washing with a 
washing buffer (0.5% tween 20 in IX PBS)- 2 times.

> Incubating with 100 pi of patient serum ( diluted 1: 200 in sera 
diluent- 2.5% skimmed milk, 2% PVP, 25% Goat sera, 0.5 M KC1. 
0.1% tween 20) at 37oC for 1 h, Washing with washing buffer - 4 
times.

> Incubating with 50 pi of anti-human IgM-HRPO conjugate (diluted 1: 
5000 in sera diluents) at 37oC for 1 hour, Washing with washing 
buffer -  6  times.

> Incubating with 100 pi of TMB soluble substrate at 37°C for 10 
minutes.

> Stopping the reaction by adding 100 pi of 1 N H2SO4.
> Measuring the optical density value of each sample at 450 nm with 

650 nm as the reference wavelength using a microplate reader.

Optimal assay conditions IgG ELISA

> Coating wells with 100 pi of diluted El and E2 protein (10 pg/ml in 
0.1 M carbonate buffer pH 9.5) at 4°C overnight, washing wells with 
IX PBS- 1 time

> Blocking with 300 pi of blockase (150 mM NaCl, 2.5% Bovine Serum 
Albumin (BSA). 5% Sucrose, 25% Goat Sera in 0.6% bovine gamma 
globulin in 50 mM carbonate bicarbonate buffer pH 9.6) at 37oC for 2 
hours, washing with the washing buffer (0.5 M KC1, 1% Tween 20 in 
50 mM carbonate bicarbonate buffer pH 9.6) - X 2 times

> Incubating with 100 pi of patient serum (diluted 1: 200 in sera 
diluent-150 mM NaCl, 2.5% BSA. 5% Sucrose, 25% Goat Sera in
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0.6% bovine gamma globulin, 0.1% tween 20, 0.1% triton X 100 in 
50 mM carbonate bicarbonate buffer pH 9.6) at 37oC for 1 hour, 
washing with washing buffer -X 4 times

> Incubating with 100 pi of anti-human IgG-HRPO conjugate (diluted 
1: 10 000 in sera diluent) at 37oC for lhour, washing with washing 
buffer X 6  times

> Incubating with 100 pi of TMB soluble substrate at 37oC for 10 
minutes

> Stopping the reaction by adding 100 pi of 1 N H2S04
> Measuring the optical density value of each sample at 450 nm with 

650 nm as the reference wavelength using a microplate reader.

Cut off values for ELISAs using recombinant proteins expressed in E. 
coli and P. pastoris

Table 7. Average cut off values for ELISAs

Cut off values El protein 
(E. coli/Pichia) 

(n=1 0 0 )

E2 protein 
(E. coli/Pichia) 

(n=1 0 0 )

IgM ELISA 1.474493838 0.40208624

IgG ELISA 0.678869795 0.654105393
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Field evaluation of ELISAs using recombinant proteins expressed in 
E. coli and P. pastoris

No. of convalescent samples collected = 163

No. of samples positive samples
by both HAI and IgM ELISA using cell lysate antigen =81 
by both HAI and IgG ELISA using cell lysate antigen =30

No of samples negative
by both HAI and IgM ELISA using cell lysate antigen = 22 
by both HAI and IgG ELISA using cell lysate antigen =30

Table 8. Results of IgM ELISA using recombinant El and E2 proteins for 
field samples

Protein Positive
number
(n=81)

Negative
number
(n=22)

Sensitivity Specificity

E. coli El 26 20 32% 91%
E. coli E2 41 18 51% 81%
P. pastoris 
El

38 18 47% 81%

P. pastoris 
E2

54 16 67% 73%

63



Table 9. Comparison of two types of IgG ELISAs

- E. coli El protein vs purified cell lysate antigen

Purified Ag.

Positive
(> = 1 :
3,000)

Negative
(<1 :

3,000)
Total

Recombinant
Ags.
E. coli El

Positive
(> = 1:
3,000)

19 2 0 39

Negative
(<1 :
3,000)

11 10 21

Total 30 30 60
Recombinant Ag Vial-1 (Sensitivity : 63.3%, Specificity : 
33.3%)

Table 10. Comparison of two types of IgG ELISAs

-E. coli E2 protein vs purified cell lysate antigen

Purified Ag.

Positive
(>= 1 :
3,000)

Negative 
(<1: 3,000) Total

Recombinant Ag. 
E. coli E2

Positive 
(>= 1: 7,000) 25 5 30

Negative 
(<1: 7,000) 5 25 30

Total 30 30 60

Recombinant Ag Vial-2 (Sensitivity : 83.3%, Specificity : 83.3%)

There is no significant difference between IgG ELISAs performed using
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2
E2 proteins and cell lysate antigens (P=0.00, x =24).

There is no significant difference between IgG ELISAs performed using 

E2 proteins and cell lysate antigens (P=0.00, x2=24).
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Table 11. Comparison of two types of IgG ELISAs 

-P. pastoris El protein vs purified antigen

Purified Ag.

Positive 
(>= 1 : 
3,000)

Negative 
(<1: 3,000) Total

Recombinant
Ags.

P. pastoris 
El

Positive 
(>= 1 : 
3,000)

30 30 60

Negative 
(<1  = 

3,000)
0 0 0

Total 30 30 60

Recombinant Ag Vial-3 (Sensitivity : 100%, Specificity :
0.0%)
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Table 12. Comparison of two types of IgG ELISAs 

- P. pastoris E2 protein vs purified antigen

Purified Ag.

Positive 
(>= 1 : 
3,000)

Negative 
(<1: 3,000) Total

Recombinant
Ag.

P. pastoris 
E2

Positive
( > = 1 :

10 ,000)
27 2 29

Negative
(< 1 :

10 ,000 )
3 28 31

Total 30 30 60

Recombinant Ag Vial-4 (Sensitivity : 90%, Specificity :
93.3%)

There is no significant difference between IgG ELISAs between E2 

protein and cell lysate antigens (P=0.00, x2 =38).
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For Leptospirosis

Purification of leptospirosis proteins

Purification of leptospirosis proteins under denature condition in 6 M 
GuHCL

Ind Unind Ind Unind Ind Unind M

SillllM  97
• £ J l J l  66

45§l«y

40

Figure 36.12% SDS PAGE gel showing the 
induction of Lipl32 protein

LMW -Low Molecular Weight Marker, Ind- 
Induced. IJnind- uniduced
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M Load FT Bds F12 F15 F17 F19 F21 F22 F24 F26

97 ^  . ■■ - ’ • " :

66 v  ■ ; ' : . ^

45 4 v '^ ,  *'■ :■...
40 ' . :

30 ■ ■

20 ' . • '  ■ ■:

Figure 37.12% SDS PAGE gel showing the purified 
Lipl32 protein

LMW -Low Molecular Weight Marker, Bds- Beads, FT- 
Flow Through . FI 2 -  F 26 nrotein fractions

Purification under denature condition in 6M GuHCL -Lipl 48 
Protein

M Bds FT Load F42 F43 F44 F45 F46 F49 F50

65 KDa

Figure 38. 12% SDS PAGE gel showing the purified 
Lipl32 protein:

LMW -Low Molecular Weight Marker, Bds- Beads, FT- 
Flow Through . F42 -  F50 nrotein fractions
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Optimal assay conditions for IgM ELISA

> Ninety six well flat bottom ELISA plates were coated with 100 pi of 

diluted Lipl32 protein (10 pg/ml in 0.1 M carbonate buffer pH 9.5) 

and incubated 4°C overnight.

> Washed with IX PBS

> The wells were blocked with 300 pi of 5% skim milk, in 1 X 

phosphate buffered saline at 37°C for 2 hours

> Washed 2 X with 0.1% tween 20 in IX PBS

> Washed wells were incubated with 100 pi of patient serum ( diluted 

1: 200 in sera diluent-2.5% skimmed milk, 0.1% tween 20) at 37°C 
for 1 h.

> wells were washed again four times with washing buffer

> incubated with 50 pi of anti-human IgM-HRPO conjugate (diluted 1: 

5000 in sera diluents) at 37°C for 1 hour.

> wells were washed again four times with washing buffer

> incubated with 100 pi of TMB soluble substrate at 37°C for 10 

minutes.

> The reaction was stopped by adding 100 pi of 1 N H2SO4.

> The optical density value of each sample was measured at 450 nm 

with 650 nm as the reference wavelength using a microplate reader.
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Cut off values for ELISAs using recombinant proteins expressed in E. 
coli -Lipl 32

Table 13. Cut off values for Lipl 32

Cut off values Lipl 32 protein

IgM ELISA 0.565

Characterization of acute and convalescent leptospirosis serum 

samples using available diagnostic assays

Table 14. Characterization of acute and convalescent leptospirosis serum

samples

Type of 
sample

Type of assay No. of positives

Acute
(n=T50)

LAMP (+) 87% (131/150)

PCR-AGE (+) 19% (29/150)

Convalescent
(n=106)

IgM ELISA- 
rapid assay (+)

49% (52/106)

MAT (+) 34% (36/106)
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Field evaluation of ELISAs using recombinant protein of leptospirosis

Table 15. Results of Lipl32 antigen for IgM and IgG ELISAs

Type of assay No. of positive samples 

Positive number with

IgM ELISA-Lipl32 protein 78% (83/106)

IgG ELISA-Lipl32 protein 85% (90/106)

Table 16. Comparison of results of IgM ELISA using Lipl 32 antigen 

vs available diagnostic assays (either IgM ELISA rapid assay/MAT)

IgM/MAT assay

Positive Negative Total

IgM ELISA 
Lipl32

Positive 54 29 83

Negative 4 19 23

Total 58 48 106

Recombinant Ag Vial-4 (Sensitivity : 93%, Specificity : 39%)
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Table 17. Comparison of results of IgG ELISA using Lipl 32 antigen vs 

available diagnostic assays

MAT assay

Positive Negative Total

IgG ELISA 
Lipl32

Positive 36 54 90

Negative 0 16 16

Total 36 70 106

Recombinant Ag Vial-4 (Sensitivity : 100%, Specificity : 23%)
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Dengue

Characterization of acute and convalescent dengue serum samples 
using available diagnostic assays

Table 18. Characterization of acute and convalescent dengue serum 

samples using available diagnostic assays

Type of sample Type of 
assay

Negative Positive

Acute samples PCR 61% (126/206) 39% (80/206)

Convalescent/follow-up 
sample 1
(7 days apart of acute 
sample)

IgM 68% (134/196) 32% (62/196)

IgG 53% (103/196) 47% (93/196)

Convalescent/follow-up 
sample 2(14 days apart of 
acute 
sample)

IgM 83% (63/76) 17% (13/76)

IgG 79% (60/76) 21% (16/76)

HAI 78% (59/76) 22% (17/76)
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Field evaluation of IgM and IgG ELISAs (J.Mitra) vs available 
diagnostic assays

Table 19. Comparison results of IgM ELISA-J.Mitra vs IgM ELISA-Pan 
Bio on acute serum samples

IgM ELISA-Pan Bio

No of 
Positive

No of 
Negative Total

IgM ELISA 
J. Mitra

No of 
positive 61 2 63

No. of 
negative 56 54 110

Total 117 56 173

Recombinant Ag Vial-4 (Sensitivity : 52%, Specificity : 96%)

Table 20. Comparison results of IgM ELISA-J.Mitra vs IgM ELISA-Pan 

Bio and HAI on convalescent serum samples

HAI/IgM ELISA-Pan Bio

No of 
Positive

No of 
Negative Total

IgM ELISA 
J. Mitra

No of 
positive 39 - 39

No of 
negative 23 14 37

Total 62 14 76

Recombinant Ag Vial-4 (Sensitivity : 63%, Specificity : 100%)
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Table 21. Comparison results of IgG ELISA-J. Mitra vs IgM ELISA- 

Pan Bio and HAI on convalescent serum samples

HAI/IgG ELISA-Pan Bio

No of 
Positive

No of 
Negative Total

IgG ELISA 
J. Mitra

No of 
Positive 56 - 56

No of 
Negative 3 15 18

Total 59 15 74

Recombinant Ag Vial-4 (Sensitivity : 95%, Specificity : 100%)
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V. Discussion

For Chikungunya

Preparation and purification of recombinant protein antigens in E. 

coli
Finding parameters of each protein were important for purification of 

proteins. Isoelectric point (pi) is useful for preparing lysis buffer without 

precipitating the resulted recombinant protein.

E2 protein was expressed well with every plasmid in bacteria. But El 

protein was not expressed in bacteria with any of the plasmids. But when 

checked with western blot it has given a minute expression levels. El 

protein, when expressed in bacteria, could be toxic to itself. Therefore 

bacteria might be inhibiting or lowering the production of protein.

El and E2 protein in both pET32 and pET28 were not soluble in 

supernatant here proteins were in inclusion bodies. Purification under 

native condition was unsuccessful. This could be due to the highly 

insoluble nature of proteins. The protein could be in inclusion bodies.

Preparation and purification of recombinant protein antigens 

in P. pastoris
Inorder to increase solubility and expression proteins were expressed in P. 

pastoris. Here, both El and E2 proteins were expressed well in P. pastoris 

but only E2 expressed efficiently in E. coli. Resulted proteins in P.
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pastoris have a high level of expression, it means production of high yield 

was achieved. Although both proteins were expressed well in this yeast 

system both proteins were not soluble, they were in the inclusion bodies.

Development of indirect IgM and IgG ELISAs using recombinant 

protein antigens to detect anti-CHIK antibodies

Optimal assay conditions for IgM and IgG ELISAs were developed by 

changing assay conditions using a checkerboard titration.

When consider the average cut off values of these two proteins El and E2 

in E. coli and P. pastoris, only El gave considerably very high cut off 

value regardless of host. This could be due to low specificity of El protein 

antigen to detect CHIK antibodies but detecting other antigens produced 

by closely related organisms also.

At the late stage of the development of ELISAs, dialyzed El and E2 

proteins in both hosts were used to increase sensitivity of detection. The 

dialysed both proteins did not show high absorbance compared to 

denatured protein. This could be due to misfolding of protein or the 

epitopes which recognizes the antibodies could be hidden inside the 

protein (not exposed to outside) due to refolding.

Analysis of specificity, sensitivity and agreement of IgM and IgG 

ELISAs performed using each protein antigen with serological assays

E2 protein in both hosts gave better sensitivity and specificity for 

detection of anti-CHIK antibodies used in this study.
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E2 protein in E. coli has shown 51% of sensitivity and 81% of specificity 

in IgM ELISA. Further, the same protein has shown 83% of sensitivity 

and specificity in IgG ELISA when results were compared with standard 
methods.

E2 protein in P. yastoris has shown 67% of sensitivity and 73% of 

specificity in IgM ELISA. Further, the same protein has shown 90% of 

sensitivity and 93.3% specificity in IgG ELISA when results were 

compared with standard methods.

There is no significant difference between IgG ELISAs performed using 

E2 proteins in E. coli and cell lysate antigens (P=0.00, y?=24). Further, 

IgG ELISAs performed using E2 proteins in P. pastoris also showed the 

same results, having no significan difference with cell lysate antigens 

(P=0.00, x =38). Although there were no significant differences, E2 in 

both host systems showed high sensitivity and specificity.

This discrepancy in results would be due to lacks post translational 

modifications, protein folding (formation of Disulphide bonds between 

peptides) in E. coli expression system. Therefore, proper folding of 

protein does not occur after expression. Due to this reason the expressed 

recombinant proteins do not function as natural.

The difference between El and E2 proteins shown in this study might be 

explained by the fact that El protein is buried almost in the virus structure, 

which may give El protein less chance to exposure to host immune 

system. Analysing all the data, the protein that can be used as a diagnostic 

intermediate is E2 protein.
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Selection of a single recombinant protein antigen as a 

diagnostic intermediate for IgM and IgG ELISAs

Considering these results E2 protein in P. yastoris has performed well in 

detecting both anti-CHIK IgM and IgG antibodies. This E2 protein in P. 

pastoris will be further studied and used as a diagnostic intermediate in the 
future.
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For leptospirosis

Preparation and purification of recombinant protein antigens

Two proteins, Lipl32 and Lip48 proteins were expressed in a bacterial host 

system But only Lip32 protein was expressed. These proteins were not 

soluble in supernatant here proteins were in inclusion bodies. Purification 

under native condition was unsuccessful. This could be due to the highly 

insoluble nature of proteins. The protein could be in inclusion bodies.

Development of indirect IgM and IgG ELISAs using recombinant 

protein antigens to detect anti-leptospirosis antibodies-Lipl32 protein

Optimal assay conditions for IgM and IgG ELISAs by LIP132 protein 

were developed by changing assay conditions using a checkerboard 

titration. When consider the cut off values of this Lipl32 protein, it gave 

considerably low cut off value.

Analysis of specificity and sensitivity IgM and IgG ELISAs performed 

using Lipl32 protein with serological assays

IgM ELISA using Lipl32 protein gave better sensitivity (93%) low 

specificity (39%) for detection of anti-leptospirosis IgM antibodies when 

compared with standard methods (MAT and IgM rapid ELISA). There is 

no significant difference between IgM ELISAs using Lipl32 with 

MAT/IgM rapid ELISA (P=0.00, %2=14).

IgG ELISA using Lipl32 protein gave better sensitivity (100%) low 

specificity (23%) for detection of anti-leptospirosis IgG antibodies when 

compared with MAT. There is no significant difference between IgG
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ELISAs using Lipl32 with MAT (P=0.004, x2=8).

Selection of a single recombinant protein antigen as a diagnostic 

intermediate for IgM and IgG ELISAs

IgM and IgG ELISAs for leptospirosis can be done using Lipl32 protein 

but further modifications should be done to reduce background

- by dialysing of protein

- by changing buffer conditions
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For Dengue
Field evaluation of IgM ELISA (J.Mitra)

IgM ELISA kits given by J.Mitra Company were used on acute serum 

samples. These acute serum samples gave better sensitivity (52%) and 

high specificity (96%) for detection of anti-dengue IgM antibodies when 

compared with standard methods (HAI and IgM ELISA). There is no 

significant difference between IgM ELISAs-J.Mitra with current assays on 

acute serum samples (P=0.00, x2==36).

IgM ELISA kits given by J.Mitra Company were used on convalescent 

serum samples. These convalescent serum samples gave better sensitivity 

(63%) and high specificity (100%) for detection of anti-dengue IgM 

antibodies when compared with standard methods (HAI and IgM ELISA). 

There is no significant difference between IgM ELISAs-J.Mitra with 

current assays on acute serum samples (P=0.00, % =15).

IgM ELISA kits given by J.Mitra Company were used on convalescent 

serum samples. These convalescent serum samples gave better sensitivity 

(63%) and high specificity (100%) for detection of anti-dengue IgM 

antibodies when compared with standard methods (HAI and IgM ELISA). 

There is no significant difference between IgM ELISAs-J.Mitra with 

current assays on acute serum samples (P=0.00, % =15).

Field evaluation of IgG ELISA (J.Mitra)
IgG ELISA kits given by J.Mitra Company were used on convalescent 

serum samples. These convalescent serum samples gave better sensitivity 

(95%) and specificity (100%) for detection of anti-dengue IgM antibodies
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when compared with standard methods (HAI and IgM ELISA). There is 

no significant difference between IgM ELISAs-J.Mitra with current assays 

on acute serum samples (P=0.00, %2=53).
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Vi. Conclusions

The resulted proteins which show the highest sensitivity and specificity 
with currently available diagnostic assay were selected. Resulted proteins 
are available at two counterpart institutions for field use and further 
studies. Target group beneficiaries at the end of the project will be the 
infected people and healthy persons in outbreak area/s of these three 
diseases by confirming each disease using ELISAs developed using these 
recombinant protein antigens. This type of study on development of 
diagnostic intermediates have a significant effect for rapid confirmation of 
outbreaks and limit spread of such outbreaks from one geographical area 
to another. Further, confirmation of disease outbreaks will be avoided loss 
of working hours and socio-economical impact on individuals and 
government.

In order to synergize activities, the work was carried out jointly by the 
Molecular Medicine Unit, Faculty of Medicine, University of Kelaniya, 
Sri Lanka (main counterpart institution) and Mammalian Biology- 
Recombinant Gene Products (RGP) Group, International Centre for 
Genetic Engineering and Biotechnology (ICGEB), New Delhi resident. 
Here these two institutions worked with each other through exchanging 
knowledge and resources (human and technical). Main counterpart 
institution worked together with clinicians, general practitioners and 
epidemiologist in notifying and locating cases at the regional level when 
they collected clinical samples from suspected patients of each disease. 
Further, main counterpart institution collaborated with national and 
international reference centers to characterize three panels of serum 
samples by the Gold standard assay for each disease. Further, during the 
operation period, suspected patients for each disease warded in hospital/s 
in outbreak area/s in Sri Lanka were benefited by having results of 
laboratory diagnostic assays (molecular and currently available serological 
assays) within 48 hours of collection of the sample. Funds amounting 
EURO 36,000.00 received for the main counterpart institution through the 
project were used to meet the cost of equipment, consumables, training 
and travel. The main counterpart institution has set up facilities for 
molecular diagnosis and preparation of recombinant proteins for each 
disease. One under graduate and three post graduate students were directly 
benefited by the project. Results of the project were disseminated through 
number of presentations made at national and international conferences
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and a post graduate thesis. Further, dissemination of project results will be 
made through journal publications in the future.
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viii. Problems if any, encountered during the implementation of the 
project
No

ix. Major findings and follow up activities 
Major findings-
> Recombinant protein antigens which can be used as diagnostic 

intermediates for indirect ELISAs for CHIK, dengue and 
leptospirosis

>• T w o  P h .D .  t h e s i s ,  n u m b e r  o f  c o n f e r e n c e  p r o c e e d in g s

> Networking few instutions

Follow up activities

> Publishing journal articles and commercializing diagnostic kits
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SECTION 4.

IMPACT OF RESEARCH RESULTS
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i. Relevance of results achieved to scientific advancement

Development and evaluation of diagnostic capability of novel recombinant 
protein antigens for CHIK, dengue and leptoswere these proteins 
performed in the study. Resulted proteins are available at two counterpart 
institutions for field use and further studies.

ii. Relevance of results achieved to national/socio-economic 

development

Target group beneficiaries at the end of the project will be the infected 
people and healthy persons in outbreak area/s of these three diseases by 
confirming each disease using ELISAs developed using these recombinant 
protein antigens. This type of study on development of diagnostic 
intermediates have a significant effect for rapid confirmation of outbreaks 
and limit spread of such outbreaks from one geographical area to another. 
Further, confirmation of disease outbreaks will be avoided loss of working 
hours and socio-economical impact on individuals and government.

iii. Dissemination/application of research out put

Provide project results to health authority for patient management: 
Results of the molecular-based diagnostic assay and commercial IgM and 
IgG ELISAs (dengue and leptospirosis) were sent to the inpatient 
wards/health authority of the relevant hospital/s in the outbreak area 
within 48 hours.

Write- up reports, research papers and thesis: Project progress reports 
were submitted yearly. Writing research papers based on results of the 
project is on going. Acknowledgement will be given to the grant and a 
copy of the paper will be sent once they will be published. Research 
Assistant, Miss. Maheshi Athapaththu submitted her Ph.D. thesis titled 
“ D e v e lo p m e n t  of r e c o m b in a n t  p r o te in  antigens as diagnostic intermediates 
for Chikugunya” with the acknowledgment to the NSF (Annexure 4). She 
has obtained her degree in December, 2013.
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Present project findings in national/international conferences'. Results of 
the project were disseminated through number of presentations made at 
national and international conferences and a post graduate thesis.
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ANNEXURE I. Questionnaire used for patient information

ANNEXURE 1A. CHIKUNGUNYA

UNIVERSITY OF KELANIYA, SRI LANKA 
FACULTY OF MEDICINE 

P.O. Box 6, Thalagolla Road, Ragama, Sri Lanka.
Molecular Medicine Unit Tel-0112-960483 Fax:0112-2953412

PATIENT INFORMATION- Chikungunya

PROJECT TITLE: Development of recombinant proteins as diagnostic 
intermediates for chikungunya

Inclusion criteria: Fever <_5 days
Arthralgia 
Myalgia

Exclusion criteria: Diagnosed Arthritis or connective tissue disorder
Severe Anaemia 
Bleeding disorder

Interview date: 
Patients’ ID code:
Age: Male Female
Sex: i__i i___ i

Race:
Sinhala Tamil Muslim Other

Occupation:

Personal address:

Contact no.:
Map of location/route:

GN division:
MOH division:

Clinical data:
Name of hospital:
Ward no:
BHT:
Date of admission:
Fever days: Highest recorded.......F/C o n ............ day
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Other associated symptoms:

No of days absent from work:
Previous CHIK attacks: Y D N D 

When:
Where:

Previous dengue attacks: Y □  N □
When:
Where:

Did you visit CHIK areas recently? YD N □  

Sample collection:

Date and time Blood volume (5 ml) Date of transport to 
MMU

Acute DO
Convalescent/follow up 
1
Convalescent/follow up 
2
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Laboratory investigations:

WBC...........mm3, DC: N......... % L......... %

Platelet count: D1..........D2.............D3...........

Hb% & PCV: D1...........D2.............D3............

Max SGPT:....................on........ day; return to normal

Chikungunya RT-PCR-AGE assay:.......................
Chikungunya antibodies: IgM.........

IgG..........



ANNEXURE IB. Leptospirosis

UNIVERSITY OF KELANIYA, SRI LANKA

FACULTY OF MEDICINE
P.O. Box 6, Thalagolla Road, Ragama, Sri Lanka.

Molecular Medicine Unit Tel-0112-960483 Fax: 0112-2953412

PATIENT INFORMATION- Leptospirosis

PROJECT TITLE: Development of recombinant proteins as diagnostic
intermediates for chikungunya

Inclusion criteria: Acute febrile illness with headache, myalgia and prostration, fever 
1 - 5 days (According to the tentative diagnosis made by physician on admission)

Exclusion criteria: Patients who is critically ill and can not provide the history, 
Patients who have treated with doxycyline and peniciline derivatives.

Interview date:.......................................Patients ID code:

A. PARTICULARS OF PATIENTS

Name and address :

Patient’s contact number : .......................................................
Age / Date of Birth : ........................................................  Sex:

Ethnic group:........................................... Name of Hospital:

Ward N o :...........................................................  Consultant physician:

BHT:...........................

B. SAMPLE COLLECTION
Onset of fever Date and time Blood volume (5ml) Date of 

Transport to 
MMU

D...................
D...................

C. PRESENT ILLNESS / OUTCOME
i. Date of admission:.............

ii. Date of Onset of symptoms:
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Fever days: Highest recorded F/C oniii.

iv.
v.

vi.

...................day
Out come of the case : cured / transferred / died / not known
Date of Discharge / transfer / died:...................................................
Is the patient on antibiotic treatment

D. CLINICAL DATA 
Clinical Details

Flu -  like illness
Pyrexia
Headache
Myelgia
Vomiting
Diarrhea
Conjunctivitis
Jaundice
Meningeal Irritation 
Anuria/oliguria 
Haemorrhage 
Cardiac failure Arrhythmic 
Skin rash 

Any other

□
□
□
□
□
□
□
□

E. INFORMATION ON DISEASE TRANSMISSION

Possible Source of Contamination 
Paddy field
Other Agricultural Land (Sugar cane, Chena) 
Marshy / Muddy land
Other Water related Source (Sewer, irrigate) 
Animal husbandry, Veterinary fisheries 
Other (specify)

F. HISTORY OF RECENT SKIN LESION / INJUNY

G. Have you or your family members been infected with leptospirosis before?

Do you know anyone who had leptospirossis recently? Yes / No 
If yes please specify ? (Neighbors, at working place, etc)
Did you visit a place where leptospirosis infection has been epidemic 
recently?

H. PROPHYLAXIS

Is the patient on prophylaxis treatment:.................................................

I. CLINICAL LABORATORY FINDINGS

Urine analysis WBC/DC
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Albumin............................. Total
Pus cells............................. N ....
Red cells............................ L ....
Casts....................................  E ....

Platelet count: .. 
Others (specify):

Serum Bilirubin/ Direct/
Indirect

LABORATORY FINDINGS DIAGNOSIS

Test 1st Sample 
(Acute)

2nd sample 
(Con.)

Remarks

PCR-AGE
ELISAs -  

Present 
IgM 
IgG

LAMP Assay
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ANNEXURE 1C. Dengue

UNIVERSITY OF KELANIYA, SRI LANKA

FACULTY OF MEDICINE
P.O. Box 6, Thalagolla Road, Ragama, Sri Lanka.

Molecular Medicine Unit Tel-0112-960483 Fax: 0112-2953412

PATIENT INFORMATION- Dengue

PROJECT TITLE: Development of recombinant proteins as diagnostic
intermediates for chikungunya .

Part 1 Information of the patient
Ref No .....................................................................................
Date.....................................................................................
Name &
address..................................................................................................

Ward.......BH T................ Date of admission............... Date of discharge...................
Fever days.................  Highest recorded.................F°/C°on................. day
Age..................... Sex.................

Part 2 Clinical and laboratory information

days 
....days
.days 
.days

Bleeding manifestations: Y/N
If yes: nasal / gum / haematamesis / melaena / skin patches
Occurred o n :......./ ........ / ....................... / . . . ........... / ...........................................

Associated symptoms
Headache: Y/N; mild/moderate/severe. Onset:............day,lasted...............
Rectro-orbital pain; Y/N; mild/moderate/severe. Onset:.............day,lasted
Neck pain: Y/N; mild/moderate/severe. Onset:.............day,lasted..............
Limb pain: Y/N; mild/moderate/severe. Onset:............ day,lasted..............

Signs: Flushing/muscle tenderness/lymphadenopathy/palatal petechiae
Liver Y/N.......cm Spleen Y/N......... cm
Pulse........ /min BP......./ ....... mmHg

Laboratory investigations:

WBC........mm3, DC: N...% L........%
Platelet count: D1.......... .D2................ D3.............
Hb%& PCV: D1........... D2.................D3............
Max SGPT:.................on............ day; return to normal on..................... day
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Annexure 2. Consent form

UNIVERSITY OF KELANIYA, SRI LANKA 
FACULTY OF MEDICINE

P.O. Box 6, Thalagolla Road, Ragama, Sri Lanka.

Molecular Medicine Unit Tel-0112-960483 Fax: 0112-2953412

Research consent form for withdrawing blood (adult)

Patient’s reference no:...........................
Project title: Development of recombinant proteins as diagnostic intermediates for 
chikungunya, dengue and leptospirosis

Name of investigators: Dr. Menaka Hapugoda and Prof. W.Abeyewickreme
I, .......................................................  volunteer to participate in the study titled
“Development of recombinant proteins as diagnostic intermediates for chikungunya, 
dengue and leptospirosis” as decided by the investigators and to donate 3 blood 
samples (5 ml/each sample) at first second and third visits to be used only for research 
purposes. The blood will be used to study on development of recombinant proteins as 
diagnostic intermediates for chikungunya, dengue and leptospirosis. The effects 
which are likely to occur during bleeding include mild pain, bruising and rarely 
fainting or mild infection at the punture site. An incentive will not be given to me for 
this purpose. I understand that my participation in this study will be strictly 
confidential.

Signature of the donar
Signature of the investigator/authorized officer
Signature and name of the witness
Date
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iivBSTRACTS 
ORAL Presentations

GENETIC POLYMORPHISM OF US28 OF 
HUMAN CYTOMEGALOVIRUS INFECTION 
IN HIV INFECTED AND NON HIV- 
INFECTED CHILDREN

Rujee Leecharoen, Assist. Prof. 
Saowakon Paca-uccaralertkun

Department of Microbiology, Faculty of 
Science, Mahidol University, Bangkok, 
10400

bjectives - To study the polymorphism 
I of US28 genes of HCMV infection in HIV 
infected and non HIV-infected children from 

Phayathai Babies’s Home, Nonthaburi, Thailand
Methods -  43 HCMV positive urine samples 

(HIV=1 lsamples, non HIV=32 samples) from 
Phayathai Babies’s Home children with age less than 
5 years old were used in this study. Viral DNA from 
urine sample was extracted and purified by Axygen® 
AxyPrep body fluid viral DNA/RNA miniprep kit. 
The nested polymerase chain reaction (nested-PCR) 
method was used to study the polymorphism on 
US28 gene N-terminus domain. The DNA sequencing 
determination was analyzed by sequencer software, 
MEGA 4.0 program then compared the homology 
of the sequences to the published sequences from 
GenBank. The variation of amino acid substitutions 
at the N-terminus domain of HIV and non HIV- 
infected children were compared. Relation of amino 
substitution and gB genotype was studied.

Result - Sequencing analysis of the US28 
gene N-terminus domain reveals some amino acid 
substitutions: A8T, D15E, E18D/L, D19A/G/E, V24T, 
F25L, and L45I. Percent of amino acid substitution 
at the N-terminus domain of the US28 gene in non 
HIV-infected children is appeared to be higher than 
that of HIV infected children. Among gB genotypes, 
the variation of amino substitutions is highest in the 
gBl genotype. The AD169 homologous sequence 
of the US28 gene N-terminus domain was observed 
more frequent in samples of HIV infected children.

Keywords: HCMV, polymorphism, GPCRs, US28

ENZYME-LINKED IMMUNOSORBENT 
ASSAY (ELISA) USING RECOMBINANT 
PROTEIN ANTIGENS FOR DETECTION OF 
ANTI-CHIKUNGUNYA ANTIBODIES

Athapaththu AMMH\ Khanna N2, 
Abeyewickreme W\ Gunasena S3, 

| Hapugoda M'

'Molecular Medicine Unit, Faculty of 
Medicine, University of Kelaniya, Sri Lanka 
2International Centre for Genetic 
Engineering and Biotechnology, New 
Delhi, India,

division o f Virology, Medical Research Institute, Sri Lanka '

Objectives: Chikungunya is a mosquito- 
borne viral infection that has caused great 
medical and public health problems m South 

East Asia during last few years. Currently available 
laboratory diagnostic kits depend on Enzyme-Linked 
Immunosorbent Assay (ELISA) based on whole viral 
antigens caused biohazard risk, high production cost 
and cross reactivity with other organisms of the same 
genus/family. These problems can be avoided by using 
recombinant protein antigens in ELISAs.
. Methodology: Two novel recombinant protein 
antigens based on Envelope (E) domain, a critical antigenic 
region of the major structural protein of chikungunya 
vims were expressed separately in a bacterial expression 
system (E s c h e r ic h ia  c o li) . Two proteins were purified 
under denatured conditions. They were evaluated as 

. potential diagnostic intermediates for detection of anti­
' chikungunya antibodies in Immunoglobulin M (IgM) 
and Immunoglobulin G (IgG) ELISAs separately using a 
panel of serum samples confirmed by the gold standard 
assay, Heamagglutination Inhibition (HAI) assay. .

Results: These 2 protein antigens: El and E2 
showed more than 60% positivity in IgG ELISAs 
and IgM ELISAs. A field validation using a large 
number of semm samples should be done for further 
confirmation of these results. It can be concluded 
that these 2 novel recombinant protein antigens can 
be used as a diagnostic intermediate to detect anti- 
chikungunya antibodies. ❖

Keywords: chikungunya, ELISA, recombinant proteins 
Acknowledgements: Financial assistance from the 
International Centre for Genetic Engineering and I 
Biotechnology (ICGEB CRP/ SRI08-02) is gratefully j 
acknowledged. .
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Development of recombinant proteins as diagnostic intermediates for
chikungunya infection

A M M H Athapaththu1, N Khanna2, S Gunasena3, W Abeyewickreme1 and M Hapugoda1’

1 M olecular Medicine Unit, Faculty o f Medicine, University o f Kelaniya, Ragama.
2International Centre for Genetic Engineering and Biotechnology, New Delhi, India 
3D ivision o f Virology, M edical Research Institute, Colombo 8

Chikungunya is an important disease with explosive outbreaks occurring in many South East 
Asian countries. As the clinical symptoms associated with chikungunya viral infections are 
often indistinguishable from those of many other viral, bacterial and parasitic infections 
confirmation of chikungunya outbreaks is important for clinicians for proper management of 
patients and for vector control progr^rnmers. Laboratory diagnosis of chikungunya in Sri 
Lanka is hindered by the non-availability of reliable commercial diagnostic kits and 
inaccessibility to reagents. There is a need to develop an assay that can confirm 
chikungunya, produced at low cost and easily standardized for the use in field settings. 
Currently available laboratory diagnostic kits depend on ELISA based on whole viral 
antigens which cause biohazard risk, high production cost and cross reactivity with other 
organisms of the same genus/family. Therefore, a diagnostic intermediate using a single 
recombinant protein antigen to overcome problems associated with whole viral 
antigen/lysate is important. The objective of this study was to assist laboratory confirmation 
of outbreaks through developing competencies for a rapid laboratory diagnostic method 
using recombinant protein antigens for chikungunya infection.

We have designed 2 novel recombinant protein antigens based on Envelope domain (E), a 
critical antigenic region of the major structural protein of chikungunya virus. They were 
expressed in Escherichia co li separately, and resultant proteins were affinity purified and 
obtained ~5mg and '*10mg respectively and protein of >95% purity per liter of culture. These 
2 proteins were evaluated as potential diagnostic intermediates in ELISA separately for the 
detection of anti-chikungunya Immunoglobulin M (IgM) antibody using a panel of well 
characterized serum samples. E1 and E2 showed 60% and 67% positivity respectively. 
Specificity proteins were tested using serum from healthy volunteers and infected with other 
viral diseases. Two proteins could detect only anti-chikungunya IgM antibodies. We 
demonstrated that these 2 novel recombinant protein antigens can function as diagnostic 
intermediates.

Acknowledgements: Financial assistance from the International Centre for Genetic 
Engineering and Biotechnology (ICGEB CRP/ SRI08-02) and International Atomic Energy 
Agency (IAEA SRI TC 5-042) are gratefully acknowledged.

menakaha@yahoo.com Tel: (0)11-2960483
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Stokes’ method:
Chloramphenicol, amikacin and ceftazidime met the QC 
requirements of the Stokes' method. Gentamicin and 
cefuroxime had 2 and 3 of 30 readings respectively below 
the expected range.

Conclusion

Further work is needed before establishing the CLSI 
method in routine laboratories unable to perform daily 
QC on all antibiotics tested. The Stokes method may 
provide a more robust and flexible method for ABST in 
resource limited laboratories.

OP 5

Immunogenicity study to assess rabies 
neutralizing antibodies in previously immu­
nized patients

Perera KADN, R a japakse  YN, N anayakkara  S, 
Wimalaratne OV, Liyanage AD

Department of Rabies Diagnosis and Vaccine Quality 
Control, Medical Research Institute, Colombo.

Introduction

A significant number of patients (11%) who seek anti 
rabies post exposure therapy (PET) following a re­
exposure, had received either a full or the first three doses 
(partial course) of anti rabies vaccine (ARV) previously. 
There are no recommended guidelines on treatment of 
patients

Objectives

To assess rabies virus neutralizing antibody titre (RVNAT) 
in patients who received PET at different times previously 
and to assess the booster response following subsequent 
intradermal (ID) ARV therapy.

Methodology

Eighty two patients exposed to suspected rabid animals 
with a past history of ARV therapy were enrolled. Patients 
were categorized into four groups depending on duration 
following the last dose of previous ARV (Group -1: <6 
months; 2:6 months - 2 years; 3:2-5 years; 4: >5 years). 
RVNAT were determined by rapid fluorescent focus 
inhibition test on day 0 (DO) and day 14 (D14) post­
vaccination following 2 or 3 ARV booster doses.

Results

Except for 4 patients in groups 2 and 3, all others had 
RVNAT >0.5IU/ml (WHO recommended minimum 
protective level) on DO. All patients, showed high antibody 
titres on D14 following booster doses.

Discussion and recommendations

Four patients whose RVNAT was <0.5IU/ml on DO had 
received only a partial course of ARV previously. As all

subjects developed accelerated anamnestic antibody 
response on D14, recommendation of a full course of 
PET following a previous partial course of ARV within 
five years seems to be an over treatment. With these 
results, we could recommend two booster doses of ID 
ARV upto five years after even a partial course of ARV. 
MRI research grant No.16-2007 is acknowledged.

OP 6
Com parison of recombinant protein and 
cell lysate antigens for detection of anti- 
chikungunya (CHIK) IgM antibody

Athapaththu AMMH\ Khanna N2, Inouve S3, Tun MMN3, 
Gunasena S4, Abeyewickreme W', Hapugoda MD1

1 Molecular Medicine Unit, Faculty of Medicine, University 
of Kelaniya, Ragama, international Centre for Genetic 
Engineering and Biotechnology, New Delhi, India, 3WHO 
Collaborative Centre for Viral Reference and Research, 
Institute of Tropical Medicine, Nagasaki University, 
Japan, 4Department of Virology, Medical Research 
Institute, Colombo.

Introduction

Chikungunya (CHIK) virus specific antigen which has high 
specificity and low cross reactivity with other related 
diseases is required for laboratory confirmation.

Objective

To compare two antigens for detection of anti-CHIK 
antibody.

Design, setting and methods

In this study, two antigens (viral cell lysate and 
recombinant protein) were evaluated for detection of anti- 
CHIK antibody by using IgM ELISA. A novel recombinant 
protein antigen was designed based on envelope domain, 
a critical antigenic region of the major structural protein. 
This protein was expressed in Escherichia coli and 
resultant protein was affinity purified and ~l0mg with 
>95% of purity per liter of culture was obtained. Cell 
lysate antigen was prepared using a crude culture fluid. 
Two antigens were evaluated separately using a panel 
of well characterized serum samples obtained from the 
Dept, of Virology (WHO Reference Centre for Viral 
Reference and Research), Institute of Tropical Medicine, 
Nagasaki University.

Results

A total of 64 serum samples confirmed as positives and, 
22 confirmed as negatives were used to evaluate the 
antigens. Specificity and sensitivity of the recombinant 
protein antigen was 48% and 90% respectively. 
Specificity and sensitivity of the viral lysate antigen was 
17% and 100% respectively.
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jjpviral lysate antigens can cause biohazard risk, high 
production cost and cross reactivity with other organisms 
of the same genus/family. Recombinant protein antigen 
which shows high specificity and sensitivity used in this 
study is important to overcome problems associated with 
viral lysate antigen. Testing of a large number of samples 
is needed to reconfirm this finding.

Acknowledgment

Financial assistance and technical co-operation by 
International Center for Genetic Engineering and 
Biotechnology (ICGEB CRP SRL 08/02), National 
Science Foundation (NSF/RG/2009/BT/01) and 
International Atomic Energy Authority (IAEA/SRL/5/042) 
is acknowledged.

OP 7

Detection of influenza A and B antigens in 
paediatric patients

Pandithasundara H', Noordeen P , Senavirathna SK ', 
Abeykoon SB', Faizal MAM2, Morel AJ3, Mudiyanse 
RM4

department of Microbiology, Faculty of Medicine, 
University of Peradeniya, 2Sirimavo Bandaranayake 
Specialized Children's Hospital, Peradeniya, teaching 
Hospital, Kegalle, “Department of Paediatrics, Faculty 
of Medicine, University of Peradeniya.

Introduction

Influenza A virus (H1N1) caused a worldwide pandemic 
from 2009 to 2011. Symptoms of this respiratory illness 
ranged from classical flu to severe pneumonia. In Sri 
Lanka, too, there were suspected and laboratory 
confirmed cases of influenza in the period, with varying 
severity. Of the clinically reported influenza cases, it is 
important to identify how many were positive for influenza 
A virus to make the initial link of the presenting illness to 
the suspected pathogen.

Objective

To detect influenza A/B antigens in clinically suspected 
flu patients.

Method

From June to Dec 2010, nasopharyngeal aspirates (NPA) 
and clinical details were collected from 70 children 
suspected of having severe flu (age = 2 months-15 years) 
from Teaching Hospitals Peradeniya and Kegalle and 
Sirimavo Bandaranayake Specialized Children's Hospital. 
Laboratory diagnosis was performed using QuickVue 
Influenza A+B chromatographic test kit (USA) which 
allows detection of influenza AJ B antigens in NPAs 
(Sensitivity = 95%; Specificity = 95%).

Of the 70 patients, 11 had cough, cold and fever; 5 had 
cough, cold, fever and wheezing and others had cough 
or cold without fever. Six patients had severe respiratory 
tract infection with 2 requiring ventilation. Of the 70 
patients only 5 were positive for influenza A or B (7.14%). 
Although there was a suspicion, we were able to detect 
influenza A in only 3 patients. This shows the over 
suspicion of a pathogen because of panic and awareness 
during an epidemic. Most importantly, majority of the 
respiratory infections/diseases reported in the study 
might have been due to other infective causes which 
need further investigation.

Acknowledgement

We acknowledge Prof. J. S. M. Peiris, University of Hong 
Kong for providing guidance and QuickVue Influenza A+B 
test system (USA).

OP 8

Clinical and virological features of dengue in 
2010

Hapugoda M D\ Manamperihf, 2Gunasena S, Athapaththu 
AMMhP, Premawansa G\ Wellawaththage C', Jayarathna 
TOSS', Abeyewickreme W

’Faculty of Medicine, University of Kelaniya, Ragama, 
2Medical Research Institute, Colombo, 3North Colombo 
Teaching Hospital, Ragama.

Introduction

Dengue is an important viral infection in Sri Lanka. All 4 
serotypes co-circulate in Sri Lanka.

Objective

To study the clinical and virological features of denque 
in 2010.

Design, setting and methods

A hospital-based study was carried out at North Colombo 
Teaching Hospital, Ragama in 2010. Patients clinically 
suspected of having dengue, with fever less than 5 days 
were recruited. Acute and convalescent blood samples 
were collected within 7 days after obtaining informed 
written consent. Demographic, clinical information and 
laboratory results were obtained. Acute serum samples 
were tested using molecular (RT-PCR and Semi-Nested 
PCR) and serological (ELISAs and HAI) assays. 
Convalescent samples were tested by serological 
assays.

Results

Of 209 patients enrolled, 93 % (195/209) were laboratory 
confirmed as recent positive cases of dengue viral 
infection; of these, 5% (9/195) were classified as dengue 
fever; 85%(165/195) dengue haemorrhagic fever (DHF) 
and 0.5% (1/195) dengue shock syndrome. Mean platelet
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’ Department of Microbiology, Faculty of Medical 
Sciences, University of Sri Jayewardenepura, 2Diabetic 
Clinic, Colombo South Teaching Hospital, Kalubowila, 
department of Microbiology, Faculty of Medical 
Sciences, University of Ruhuna, Karapitiya.

Introduction

Superficial fungal foot infection (SFFI) in diabetic patients 
increases the risk of developing diabetic foot syndrome. 
Sixteen percent of urban population is suffering from 
diabetes in Sri Lanka. Higher percentage (85%) of patients 
with long term diabetes is suffering from SFFI. As the 
diabetec patients are more prone to get fungal foot 
infections, early intervention is advisable owing to the 
progressive nature of the infection and to prevent from 
recurrent SFFIs which could even lead to diabetic 
foot syndrome. There is no documented data on the 
prevalence of fungal foot infections in diabetic patients in 
Sri Lanka.

Objective

To determine the etiological agents causing SFFI in 
patients with type 2 diabetes.

Methods

This descriptive cross sectional study included 385 out 
patients from the diabetic clinic at Colombo South 
Teaching Hospital. Nail clippings and swabs were collected 
from the infected sites using the standard protocol. 
Laboratory identification was done and pathogens were 
identified to the species level by direct microscopy, culture 
and biochemical tests. Statistical analysis was performed 
with the software SPSS version 15, using odds ratio and 
Chi-square tests. '

Results

Clinically 295 patients (77%) showed SFFI, of which 255 
(86%) were mycologically confirmed for nail infection and 
46 (16%) were confirmed for both skin and nail infection. 
Out of 236 direct microscopy (KOH) positives, 227 (96%) 
were culture positive. Two hundred fifty one patients (98%) 
with SFFI had diabetes for more than 10 years. Of the 
patients with SFFIs 92% had >100 mg/dl FBS and 81 % 
had >140mg/dl PPBS levels and 80% had both elevated 
FBS and PPBS levels. Non-dermatophyte fungal species 
were the commonest pathogens followed by Yeast and 
dermatophytes.

Conclusion

Aspergillus niger was the commonest cause of SFFIs in 
diabetes patients in the study setting followed by 'Candida 
albicans. Occurrence of SFFI was significant with the 
increasing age, gender, duration of diabetes and with less 
glycaemic control. Diabetic patients require regular foot 
examination and education on preventive care practices, 
as they are at high risk of developing SFFI.
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OP 13

Development of recombinant protein antigens 
using a bacterial expression system for the 
detection of anti-Chikungunya (CHIK) antibodies

Athapaththu AMMhP, Khanna N2, Inouve S3, Gunasena 
S4, Abeyewickreme W', Hapugoda M'

’Molecular Medicine Unit, Faculty of Medicine, University 
of Kelaniya,2lnternational Centre for Genetic Engineering 
and Biotechnology, New Delhi, India,3WHO Collaborative 
Centre for Viral Reference and Research, Institute of 
Tropical Medicine, Nagasaki University, Japan,department 
of Virology, Medical Research Institute, Colombo 8.

Introduction and objective

Laboratory confirmation of Chikungunya (CHIK) virus is 
very useful as clinical symptoms of CHIK can overlap 
with other diseases. Chikungunya virus specific antigen, 
which shows high specificity, sensitivity and low cross 
reactivity with other related diseases, is required for 
laboratory confirmation. Objective of this study was to 
develop and compare two recombinant protein antigens 
for detection of anti-CHIK antibodies.

Design, setting and methods

Recombinant CHIK protein antigens were prepared using 
Envelope (E1 and E2)regions of the CHIK virus. The genes 
were custom designed and chemically synthesized with 
a 6X His tag. Bacterial expression systems [BL21 (DE3)] 
were used to clone and express the recombinant proteins. 
The recombinant proteins were purified with >95% of purity 
per liter of culture using Ni-NTA columns under denature 
conditions. In this study, two antigens were evaluated for 
detection of anti-CHIK antibody by using novel optimized 
in-house IgM and IgG ELISAs, using a panel of well 
characterized serum samples obtained from the Dept, of 
Virology (WHO Reference Center for Viral Reference and 
Research) Institute of Tropical Medicine, Nagasaki 
University, Japan.

Results

A total of 55 serum samples confirmed as positives and 
186 confirmed as negatives by HAI test, IgM capture ELISA 
and indirect IgG ELISA using the purified CHIK antigen 
were used to evaluate the antigens using novel IgM ELISA. 
A total of 78 serum samples confirmed as positives 
and 148 (E1) or 227 (E2) (148 + extra 79) confirmed ac 
negatives were used to evaluate the antigens using novel 
IgG ELISA. The E1 recombinant protein showed 5% (3/ 
55) sensitivity and 99% (184/186) specificity for IgM ELISA 
and 60% (47/78) sensitivity and 63% (94/148) specificity 
for IgG ELISA. The E2 recombinant protein showed 65% 
(36/55) sensitivity and 70% (131/186) specificity for IgM 
ELISA and 83% (65/78) sensitivity and 86% (195/227) 
specificity for IgG ELISA.
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Conclusion

Recombinant CHIK-E2 protein antigen showed higher 
specificity and sensitivity In detection of both IgM and 
IgG antibodies. Thus the E2 recombinant protein antigen 
used in this study could be expressed in an eukaryotic 
expression system to achieve much higher results.
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OP 14
Molecular evidence of hantavirus infection 
among clinically suspected patients with hae­
morrhagic fever with renal syndrome (HFRS)

I1/" th u g a la  MARV', Manamperi A APS2, Gunasena S3, 
l pugoda MD1, Goran Butch*

’ Post Graduate Institute of Medicine, University of 
Colombo,2Molecular Medicine Unit, Faculty of Medicine, 
University of Kelaniya, Ragama, department of Virology, 
Medical Research Institute, Colombo 08, 4Swedish 
Defence Research Agency, CBRN Defence & Security, 
SE-901 82, Umea, Sweden.

Introduction

Hantavirus disease is an emerging zoonotic viral infection 
with high fatality. Transmission is by inhalation of aerosols 
generated from virus contaminated rodent excreta. There 
are two major clinical forms, haemorraghic fever with 
renal Syndrome (HFRS) and hantavirus pulmonary 
syndrome (HPS). Clinical features of HFRS, often mimic 
leptospirosis. Large number of cases of leptospirosis like 
illness has been reported in Sri Lanka annually. Although 
V *e were serological evidence of different types of 
hantavirus infection in Sri Lanka, diagnosis of hantavirus 
is not routinely performed. Due to the genetic and 
antigenic diversity, an assay that could detect a wide 
range of hantaviruses need to be established.

Objectives

To establish, evaluate and validate a genus specific 
hantavirus RT-PCR assay.

To diagnose hantavirus infection among clinically 
suspected HFRS patients in three selected hospitals.To 
describe clinical manifestations of hantavirus infections 
in the study population.

Methodology

Genus specific conventional RT-PCR assay was 
established using panhanta primers and evaluated, 
optimized and validated using synthetic genes of 12 known

Sri Lanka College of Microbiologists Bulletin 11(1) July 2013

hantavirus species as reference samples. Assay was able 
to detect a wide range of hantaviruses at minimum 
detection limit of 70 copies/reaction. / ;

Molecular diagnosis of hantavirus infection was carried 
out in three hospitals in Colombo and Gampaha districts. 
Study was conducted from 01st of January 2011 to 31st 
of April 2011 and 61 adult patients were recruited to this 
study. .

Hantavirus RT-PCR was performed on all collected 
samples after extraction of RNA by TRIzol® method.

Results

Of 61 tested samples, 05 were positive for hantavirus 
genome. These results were confirmed at reference 
laboratory as well and species identification result is 
pending. '

Of 58 tested samples, 06 samples were positive for 
hantavirus IgM by in-house ELISA. All PCR positive 
samples were positive for hantavirus IgM.

All patients with hantavirus infection had clinical and 
biochemical features of liver involvement in addition to 
fever, thrombocytopenia and renal involvement.

Conclusion

Established RT-PCR assay was able to detect a wide 
range of hantaviruses and by using it molecular evidence 
of hantavirus infection was demonstrated in humans in ~ 
Sri Lanka. - - - - • - • —

Further studies are required to describe the disease 
epidemiology and to identify natural hosts in the country.

OP 15

Enhancing the sensitivity of methicillin- 
resistant Staphyloccous aureus (MRSA) to 
oxacillin by tea catechins and proantho- 
cyanidins

Mediwake SS2, Bandara B M R \ Thevanesam V2, 
Ekanayake A2

. i  '

’Department of Chemistry, Faculty of Science, University 
of Peradeniya. department of Microbiology, Faculty of 
Medicine, University of Peradeniya

Introduction

The emergence of MRSA has become a disturbing clinical 
problem. New antimicrobials and novel strategies for 
treatment are urgently required to combat drug-resistance. 
The tea plant (Camellia sinensis L )  is a potential source 
of non-toxic and low-cost antimicrobials.
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Comparison of recombinant Chikungunya (CHIK) E2 antigens expressed in bacterial and 
eukaryotic systems for the detection of anti-CHIK antibodies in human serum samples

A.M. M. H. Athapaththu, PhD Candidate, Faculty of Graduate Studies, University of Kelaniya 
N. Khanna, International Centre for Genetic Engineering and Biotechnology, New Delhi, India 
S. Inouve, WHO Collaborative Centre for Viral Reference and Research, Institute of Tropical 
Medicine, Nagasaki University, Japan
S. Gunasena, Department of Virology, Medical Research Institute, Colombo 
W. Abeyewickreme, Molecular Medicine Unit, University of Kelaniya 
M. Hapugoda, Molecular Medicine Unit, University of Kelaniya

Introduction:
Laboratory confirmation of Chikungunya Virus (CHIKV) is very useful as it shows the same 
symptoms as dengue and can be present in the same regions, at the same period. Currently, 
recombinant protein antigens are widely used as diagnostic intermediates due to biosafety, low 
production cost and minimum cross reactivity with other organisms of the same genus/family.

Objective:
To develop and compare the efficacy of recombinant protein antigens expressed in bacterial and 
eukaryotic systems.

Design, setting and methods:
The Envelop 2 (E2) protein in the E region of the CHIKV was selected for the preparation of 
recombinant protein as it is the more immunodominant region of the virus. The chemically 
synthesized E2 gene was cloned and expressed separately in Eschericia coli BL21 (DE3) and 
Pichia pastoris (KM71H). Each recombinant antigen was purified using Immobilized Metal- 
Affinity Chromatography (MAC). Novel in-house Enzyme Linked Immunosorbent Assays 
(ELISAs) with recombinant protein antigens to detect anti-CHIK Immunoglobulin (Ig) M and G 
antibodies were developed. Field evaluation of novel ELISAs were performed using two panels 
of well characterized serum samples. A total of 55 serum samples confirmed as positives and 186 
confirmed as negatives were used to evaluate the antigens using novel IgM ELISA. A total of 78 
serum samples confirmed as positives and 227 confirmed as negatives were used to evaluate the 
antigens using novel IgG ELISA.
Sensitivity and specificity were calculated in each recombinant protein according to the 
following formula:
Sensitivity = Number of true positive

Number-of-true poskive- t-folse  negative
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Specificity = Number of true negative
Nnmher of true negative + false positive

Results:
E. coli E2 recombinant protein showed 65% (36/55) sensitivity and 70% (131/186) specificity 
and P. pastoris E2 recombinant protein showed 49% (27/55) sensitivity and 78% (146/186) 
specificity in IgM ELISA. E. coli E l recombinant protein showed 83% (65/78) sensitivity and 
86% (195/227) specificity, P. pastoris E2 recombinant protein showed 76% (59/78) sensitivity 
and 81% (183/227) specificity in IgG ELISA.

Discussion:
E. coli E2 has showed better sensitivity and specificity in identification of both IgM and IgG 
antibodies. This could be due to more exposure of immunodominant epitopes of bacterial 
expressed E2 antigen to the outside.
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Development of recombinant protein antigens using a yeast expression system, for 
the detection of anti-Chikungunya (CHIK) antibodies in clinical samples

A M M H  Athapaththu1, N Khanna2, S Inouve3, S Gunasena4, W Abeyewickreme1
and M D Hapugoda1*

1 M o lecu lar M edicine Unit, Facu lty  o f Medicine, U n iversity o f Kelan iya, Ragama, S ri Lanka  
2International C en tre  fo r G ene tic  Engineering and  B io techno logy, N ew  Delhi, India  

3 W HO Collaborative C entre  fo r  V ira l Reference and  Research, Institu te  o f T rop ica l Medicine,
Nagasaki University, Japan .

. 4D epartm ent o f  V irology, M edical Research Institute, Colom bo 8, S ri Lanka

Laboratory confirmation of Chikungunya (CHIK) virus is very useful as clinical symptoms of 
CHIK overlap with those of other diseases. Laboratory diagnosis depends on Enzyme- 
Linked Immunosorbent Assay (ELISA) based on whole viral antigens which cause a 
biohazard risk, have a high production cost and show cross, reactivity with other organisms 
of the same genus / family. A  diagnostic intermediate using a single recombinant protein 
antigen to detect both immunoglobulin (Ig) M (IgM) and IgG antibodies of CHIK is important 
to overcome problems associated with whole viral antigen / lysate. The objective of this 
study was to prepare recombinant protein antigens for detection of anti-CHIK antibodies. 
Recombinant CHIK protein antigens were prepared using two Envelope (E) gene regions of 
the CHIK virus which were custom designed and chemically synthesized with 6X His tag. 
Yeast expression systems; P ich ia  pastoris (P.pastoris) were used to clone and express the 
recombinant proteins. Purification of proteins was performed using Ni-NTA columns under 
denature conditions. Novel in-house IgM and IgG ELISAs were developed using 
recombinant protein antigens. The two antigens were evaluated for detection of both IgM 
and IgG CHIK antibodies using a panel of well characterized serum samples. A total of 55 
serum samples confirmed as positives and 186 confirmed as negatives were used to 
evaluate the antigens using novel IgM ELISA. A total of 78 serum samples confirmed as 
positives and 227 (148 and 79) confirmed as negatives were used to evaluate the antigens 
using novel IgG ELISA. These samples were tested by HAI test, IgM capture ELISA and 
indirect IgG ELISA using the purified CHIK antigen and Infected Culture Fluid (ICF). The E1 
recombinant protein showed 15% (8/55) sensitivity and 97% (181/186) specificity for IgM 
ELISA and 86% (67/78) sensitivity and 61% (90/ 148) specificity for IgG ELISA. The E2 
recombinant protein showed 49% (27/55) sensitivity and 78% (146/186) specificity for IgM 
ELISA and 76% (59/78) sensitivity and 81% (183/227) specificity for IgG ELISA. 
Recombinant protein antigens expressed in yeast showed lower specificity and sensitivity 
than expected for detection of both IgM and IgG anti-CHIK antibodies, but E2 recombinant 
proteins performed better than E1 recombinant antigen as it is exposed more to the human 
immune system than E1 protein.

Keywords: Chikungunya, recombinant protein antigens, E1, E2, ELISA

Acknowledgments: Financial assistance by National Science Foundation, Sri Lanka 
(NSF/RG/2009/BT/01), International Centre for Genetic Engineering and Biotechnology 
(ICGEB CRP SRL 08/02) and International Atomic Energy Authority (IAEA/SRL/5/042).
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Detection of pathogenic Leptospira species in rat blood samples by molecular-based assays12 

D.T.H. Denipitiya, Molecular Medicine Unit, University of Kelaniya 
N.V. Chandrasekharan, Department of Chemistry, University of Colombo 
W. Abeyewickreme, Department of Parasitology & Molecular Medicine Unit, University of 

: Kelaniya
M.D.Hapugoda, Molecular Medicine Unit, University of Kelaniya 

Background:
Leptospirosis is a worldwide zoonotic infection, caused by pathogenic species of the genus 
Leptospira. It was traditionally known as ‘rat fever’ in Sri Lanka, because rodents, especially 
rats, are considered to be the most important reservoirs or maintenance hosts of Leptospira. In 
2012, the highest numbers of cases were reported in the District of Gampaha. The objective of 
this study is to detect pathogenic Leptospira species in rat blood samples by molecular based 
assays. .

Method:
Rats (n=38) were trapped in a high risk area (Mirigama) in the District of Gampaha, from May 
2012 to February 2013 by using live traps. Each rat was anesthetized by using diethyl ether and 2-3 
ml sample of blood was collected from each rat. Blood samples collected from all rats were tested 
by molecular- based assays and a serological assay. Qualitative Polymerase Chain Reaction (PCR), 
real time PCR and Loop Mediated Isothermal Amplification (LAMP) were used as molecular-based 
assays which targetted conserved gene regions among pathogenic serovars of Leptospira species. 
Microscopic Agglutination Test (MAT), the Gold Standard assay for detection of anti Leptospira 
antibody was used as a serological assay.

Results and Discussion:
Of the 38 rat blood samples, molecular-based assays confirmed Leptospira infection in 5% (2/38), 
16% (6/38) and 11% (4/38) by qualitative PCR, real time PCR and LAMP assay respectively. None 
of the samples was positive by MAT. After first infection, some Leptospira species live in the host 
animal as commensal bacteria. Therefore, host does not stimulate antibody production further and 
that may be below the detection level of the antibody by MAT.

Conclusions:
Results of molecular based assays showed that Leptospira are circulating among the rats tested in 
this study, although at the time of collection, their antibody levels were too low to detect by MAT, 
which had the lowest detection limit of 1:800.

A cknow ledgem ents: National Science Foundation, Sri Lanka (NSF/RG/2009/BT/01), International 
. Centre for Genetic Engineering and Biotechnology (ICGEB CRP/ SRI 08-02) and International Atom ic 

Energy A gency  (IAEA SRI 5/042) are gratefully acknowledged.
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factors associated with human leptospirosis in the District of Gampaha, Sri Lanka

D.T.H. Denipitiya, Molecular Medicine Unit, University of Kelaniya
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N. V. Chandrasekharan, Department of Chemistry, University of Colombo
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Background & Objective:
A large number of leptospirosis cases are recorded in Sri Lanka every year. Increased numbers of 
t4v,‘s have been reported in the District of Gampaha in the recent past. The incidence of 
kpmspirosis is often influenced by various socio-economic, occupational, environmental and 
s4ho Factors. To date, a study on potential risk factors has not been conducted in the District of 
‘tDanipaha. The objective of this study is to identify risk factors involved in transmission of 
leptospirosis to humans in the District of Gampaha.

.Methods:
D.Uu were collected at the household level, using an interviewer-administered questionnaire and 
hs inspecting the surrounding of laboratory confirmed leptospirosis patients (n=81) and non 
leptospirosis persons (n=l 17) during the period of June 2011 to June 2013. The risk factors in 
the i|uestionnaire were divided into three broad categories: environmental, contact with animals 
Mu! behavioral/occupational factors. Chi-square test (The SAS System for Windows 9.0) was 

. *pn\! For comparison of data from different categories.

fa u lts  and discussion:
; of the leptospirosis patients were adult males (77/81) and they had a monthly income of Rs. 
. J0,001 -20,000 and 50% of them were agricultural and rental work labourers (40/81). In contrast, 

of persons not infected with leptospirosis were adult females (66/117) and most of them 
'(48%) were housewives or homemakers (56/117). Data on the type of premises were collected 
Stttier three categories as poor, moderate and well constmcted along with the land use type of the 
S#rtounding areas. There were significant statistical associations between the leptospirosis 
'patient with the type of premises (, x2=23.38, p=0.00), surrounding cleanliness of premises 
(■£'45 05, p=0.00), sanitary facilities (x2=11.66, pO.OO), waste disposal method (x2=32.23,

3 Acknowledgements: National Science Foundation, Sri Lanka (NSF/RG/2009/BT/01), International 
Centre for Genetic Engineering and Biotechnology (ICGEB CRP/ SRI 08-02) and International Atomic 
Fnergy Agency (IAEA SRI 5/042) are gratefully acknowledged.
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Evaluation of a real time Polymerase Chain Reaction (PCR) assay for the early
diagnosis of human leptospirosis

D T H Denipitiya1, A  M Jiffriy2,N V Chandrasekharan3, W Abeyewickreme1
and M D Hapugoda1*

'M o le c u la r M edicine Unit, Faculty o f Medicine, U n ivers ity  o f Keianiya, Ragam a  
, 2P ostg radua te  Institute o f M edicine, University o f  Colom bo, Colombo 08
' 3D epartm en t o f  Chem istry, Facu lty  o f Science, U n ivers ity  o f Colombo, Colom bo 03

Leptospirosis has the greatest impact on health in developing countries where it is often 
grossly under-recognized due to difficulties in clinical diagnosis and lack of diagnostic 
laboratory services. The disease is usually diagnosed in the laboratory by serological 
techniques or by culturing of bacteria from clinical specimens which results in delayed 
diagnosis. The objective of this study was to establish and evaluate a real time Polymerase 
Chain Reaction (PCR) assay using SYBR  green for early, rapid and definitive laboratory 
diagnosis of leptospirosis. The assay was established and analytical specificity and 
sensitivity were determined using reference DNA samples. The accuracy of the real time 
PCR assay was determined using a panel of acute blood samples collected from 
leptospirosis (n = 60) and non leptospirosis (n = 51) confirmed patients based on serological 
assays. The analytical sensitivity of the assay was approximately .58.8 genome equivalents 
per reaction and no cross-reactivity was observed with saprophytic Leptospira  spp. and 
other pathogenic micro organisms. The assay successfully detected leptospiral DNA from 
blood samples of clinically diagnosed patients with leptospirosis and showed high diagnostic 
sensitivity 82.05% (32/39) and specificity 80.55% (58/72). This study showed that real time 
PCR has the potential to facilitate rapid and sensitive diagnosis of acute leptospirosis during 
the early phase of infection.

Acknowledgements: Financial assistance by National Science Foundation, Sri Lanka 
(NSF/RG/2009/BT/01), International Centre for Genetic Engineering and Biotechnology 
(ICGEB CRP/SRI/08-02) and International Atomic Energy Agency (IAEA TC/SRL/5/042).
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ivalu^ition of a case definition for leptospirosis diagnosis using serological assays

D T  H Denipitiya1, A M Jiffriy2, N V Chandrasekharan3, W  Abeyewickreme1
and M D Hapugoda1*

M o le c u la r M ed ic ine  Unit, Faculty o f Medicine, U n iversity o f Kelaniya, Ragama  
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Leptospirosis has been a public health problem in many parts of Sri Lanka and has had a 
$$81 affect on the economic and social development of the country. A  large number of 
iptospirosis cases are recorded in Sri Lanka every year. Leptospirosis is often mistaken for 
$hef acute febrile illnesses because of its nonspecific presentation. All bacteriologic, 
Wtfotogic, and molecular methods are expensive and available only at reference 
laboratories, especially in developing countries like Sri Lanka. For proper management of 
ff$lO-$pifosis patients, it is important to diagnose leptospirosis as soon as possible after 
admission to a hospital. This study was aimed to evaluate the leptospirosis surveillance case 
definition using serological assays. Adult patients, admitted to the medical wards of the two 
Wain hospitals of the District of Gampaha from 1st of January 2011 to 31st of December of 
1012 with undiagnosed acute febrile illness were included to test a case definition of the 
WHO guidelines-2003. Serological assays were performed on blood samples taken from 
M ch patient after 7 days of fever. Leptospirosis case definition was evaluated with regard to 
i«mitivity, specificity and predictive values using a MAT titer > 1:800 and/or positive band in 
commercially available IgM kit for confirming leptospirosis. Of 191 patients, the clinical 
features of 107 only were compatible with the surveillance case definition. Of the 107 only 60 
war© true positives and 47 were false positives based on serological assays. Out of the 84 
Only 4 were false negatives. According to these results the test sensitivity was 93.75% 
($0/64) and specificity was 62.99% (80/127). Positive predictive values and negative 
predictive values were 56.07% (60/107) and 95.27% (80/84) respectively. This study 
confirms that the surveillance case definition has a very high sensitivity and negative 
predictive value with an average specificity in diagnosing leptospirosis based on serological 
assays.

Acknowledgements: Financial assistance by National Science Foundation, Sri Lanka 
(NSF/RG/2009/BT/01), International Centre for Genetic Engineering and Biotechnology 
(ICGEB CRP/ SRI 08-02) and International Atomic Energy Agency (IAEA TC/SRL5/042).
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A COMPARISON OF THREE MOLECULAR-BASED ASSAYS TO 
DETECT PATHOGENIC LEPTOSPIRES IN CATTLE URINE

D .T .H . D e n ip it iy a 1, N.V. C h a n d r a se k h a r a n 2, W . A b e y e w ic k r e m e 1 an d
M .D . H a p u g o d a 1*

M o l e c u l a r  M e d i c i n e  U n it , F a c u l t y  o j M e d i c i n e ,  U n i v e r s i t y  o f  K e l a n i y a ,

S r i  L a n k a

2D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  S c i e n c e ,  U n i v e r s i t y  o f  C o l o m b o ,

S r i  L a n k a

. * m e n a k a h a @ y a h o o . c o m

Leptospirosis is a globally widespread, emerging zoonotic disease that poses 
important public health threats in humid, tropical and subtropical areas. Leptospirosis is 
transmitted directly or indirectly from animals to humans through contact with contaminated 
soil, water, or body fluids of infected animals. Most feral and domestic mammals may serve 
as major reservoir hosts for L e p t o s p i r a  spp. However, there is little knowledge on the role of 
wild mammals, including the large number of rodents, as reservoir hosts of leptospires in Sri 
Lanka. The objective of this study was to compare three molecular-based assays to detect 
pathogenic leptospires in cattle urine samples. Mid-stream urine samples were collected from 
50 cattle in a high risk area for leptospirosis (Mirigama) in the Gampaha district from May 
2012 to February 2013. A Loop-Mediated Isothermal Amplification (LAMP) assay for the 
rapid detection of pathogenic L e p t o s p i r a  species was established using reference samples (L .  

i n t e r r o g a n s  strain RGA) through amplification of the lipL41 gene coding for the outer 
membrane protein LipL41. Qualitative Polymerase Chain Reaction (PCR) and quantitative 
real time PCR assays were established targeting a 202 bp fragment on the secY gene which is 
conserved among pathogenic serovars of L e p t o s p i r a .  Analytical sensitivity and specificity of 
each assay were tested using reference DNA samples. Each urine sample was tested by three 
molecular-based assays; namely, LAMP, qualitative PCR and quantitative real time PCR, with 
positive and negative controls. The repeatability of each assay was tested using two replicates 
of each sample. Concentrated urine samples were mixed with reaction buffer and directly 
applied for LAMP reaction. DNA was extracted from concentrated urine samples using a 
commercially available QIAGEN kit and the extracted DNA was used for both PCRs. Each 
molecular assay showed 100% analytical specificity. The analytical sensitivity (per reaction) 
of LAMP assay, qualitative PCR, and real time PCR were 5.8, 588, and 58.8 copies of bacteria, 
respectively. Of the 50 cattle urine samples, molecular-based assays confirmed L e p t o s p i r a  

infection in 70% (35/50), 2% (1/50), and 10% (5/50) by LAMP assay, qualitative PCR, and 
real time PCR, respectively. In conclusion, we established three molecular-based assays to 
detect pathogenic L e p t o s p i r a  species in cattle urine samples. The highest number of positive 
reactors was detected with the new LAMP assay which utilises a simple DNA preparation step 
to detect pathogenic L e p t o s p i r a  species in urine. In contrast to PCR assays that use purified 
DNA samples from urine, the LAMP assay can amplify the target DNA without DNA 
purification and boiled urine samples are sufficient to prepare the DNA template. The results 
of these molecular-based assays showed that L e p t o s p i r a  spp. are circulating among the cattle 
tested in this study and pose a public health threat to farmers and farm workers in this area.

F i n a n c i a l  a s s i s t a n c e  g i v e n  b y  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n ,  S r i  L a n k a  

( N S F / R G / 2 0 0 9 / B T / 0 1 )  a n d  t h e  I n t e r n a t i o n a l  A t o m i c  E n e r g y  A g e n c y  ( IA E A  S R I  5 / 0 4 2 )  i s  
a c k n o w l e d g e d .
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