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Kanchana Kumari Bandara12, Manjula Weerasekera1/4, Chinthika P Gunasekara1,
Nilantha Ranasinghe3, Chamil Marasinghe4, Neluka Fernando1

'Department of Microbiology'Department of Medicine, Faculty of Medical Sciences, University of Sri Jayewardenepura, Sri Lanka 
-Department of Basic Sciences, Faculty of Allied Health Sciences, General Sir John Kotelawala Defense University, Sri Lanka

3Base Hospital, Tangalle, Sri Lanka

Leptospirosis is a re-emerging zoonotic disease all over the world, important in tropical and subtropical areas. A 
majority of leptospirosis infected patients present as subclinical or mild disease while 5-10% may develop severe infec­
tion requiring hospitalisation and critical care. It is possible that several factors, such as the infecting serovar, level 
nfleptospiraemia, host genetic factors and host immune response, may be important in predisposition towards severe 
disease. .Different Leptospira strains circulate in different geographical regions contributing to variable disease sever­
ity Therefore, it is important to investigate the circulating strains at geographical locations during each outbreakfor 
epidemiological studies and to support the clinical management of the patients. In this study immunochromatography, 
microscopic agglutination test and polymerase chain reaction were used to diagnose leptospirosis. Further restriction 
(iugmcnt length polymorphism and DNA sequencing methods were used to identify the circulating strains in two se­
lected geographical regions of Sri Lanka. Leptospira interrogans, Leptospira borgpetersenii and Leptospira kirschneri 

tins were identified to be circulating in western and southern provinces. L. interrogans was the predominant species 
idieiiluting in western and southern provinces in 2013 and its presence was mainly associated with renal failure.
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I pploNpi rosis is an endemic, zoonotic disease ofpublic 
importance in Sri Lanka (Victoriano et al. 2009). 

ifj^itmttl outbreaks of leptospirosis occur annually and 
stNIli >, >1.276 cases were reported to the Epidemiologi- 

>1 fit! It of Sri Lanka. Since Sri Lanka is predominately 
f flHtmlitmil country with a heavy rain fall, exposure 

is a major occupational hazard (Brenner 
ijj}, jtlWfV), Leptospira interrogans, Leptospira santa- 
itfj l Cputspiru kirschneri, Leptospira borgpetersenii 
1 irpiospini weilli have been reported from several 

iitnI locations in Sri Lanka at different time pe- 
i st ill! val ving disease severity (Brenner et al. 1999, 

Oil at Hi. 2012,2014, Nwafor-Okoli et al. 2012). 
jo the highly endemic nature and associated 

ifp i flitd mortality ofthis disease, it is important to 
thr circulating strains at geographical loca- 

tjlHng eucli outbreak for epidemiological studies 
i|ijji|tt'rt the clinical management of the patients.

fiittllM t\ MATERIALS AND METHODS

fliM?#* *' piospeclive hospital based study in west- 
I p l teiflbiii provinces in Sri Lanka between Janu- 

.’014. All the patients more than 18 
pfCHMiling with clinically suspected lep-

imt
sJ$»i nimuiiiHi70

Wwlilt liOR University Project (PhD/01/2012), 
SthjjitVslijOMt'puru 

pt^ijltt't nUttweetti@yahoo.com 
;••••«« iftlfi , v : ' '

tospirosis according to the World Health Organization 
(WHO) guideline admitted to the medical wards were 
included in the study.

Informed consent was obtained from all suspected 
patients and sociodemographic data and risk factors 
were gathered using a pre-tested interviewer adminis­
tered questionnaire. A venous blood sample of 5 mL was 
collected following standard procedures and aliquoted 
into a plain tube for serum separation and the rest added 
to an ethylenediamine tetraacetic acid (EDTA) tube for 
DNA extraction. All samples were transported at 4°C 
to the Department of Microbiology, University of Sri 
Jayewardenepura, Sri Lanka.

IgM immunochromatographic assay and microscop­
ic agglutination test (MAT) - Leptospira infection was 
presumptively diagnosed by detecting Leptospira spe­
cific IgM using a rapid immunochromatographic assay 
kit (Leptocheck WB; Zephyr Biomedicals, India) fol­
lowing the manufacturer’s instructions. MAT was done 
in order to obtain single MAT antibody titres using the 
genus specific Leptospira biflexa serovar Patoc 1 strain 
(Medical Research Institute, Sri Lanka) and > 400 titre 
was considered as positive for MAT (WHO 2010).

DNA extraction - EDTA blood samples (200 pL) were 
used for Leptospira DNA extraction using QIAamp DNA 
blood mini kit (Qiagen GmbH, Germany) according to the 
manufacturer’s instructions. Eluted DNA was quantified 
and purity was checked using Nanodrop 2000/200C spec­
trophotometer (Thermo Fisher Scientific, USA).
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jaseenivasan et al. 2012). Amplification of isolated DNA 
was carried out in 50 pL volume with 0.5 pL template 
DNA, 5 pL 5X green GoTaq*Flexi buffer (pH 8.5) (Pro- 
mega, USA), 2 mM MgCl, (Promega), 0.1 pM of each 
primer (Fl-TCTCACCGTTCTCTAAAGTTCAAC, Rl- 
CTGAATTCGGTTTCATATTTGCC), 0.4 mM deoxy 
nucleotide triphosphate (dNTP) mix (Promega) and 0.25 
units of Taq DNA polymerase (Promega). L. interrogans 
I >N A was used as a positive control and a negative control 
without the template DNA were included in each PCR as­
say. PCR amplification was initiated at 94°C for 5 min 
followed by 45 cycles of 94°C for 1 min, 56°C for 1 min, 

: TFC for 90 s and a final elongation step at 72°C for 10 min 
With final hold at 4°C. The resulting amplicon was 793 bp 
tttul these were stored at 4°C until further analysis.

Restriction fragment length polymorphism (RFLP) - 
K'K products of flaB PCR positive patient samples were 
Ituft! for RFLP digestion using Hae III and Hind III re- 
IlfMIbn enzymes (Kawabata et al. 2001). The restriction 
digestion was carried out in 20 pL of volume in a sterile 
ttllerocenti ifuge tube. The reaction mixture contained 10 

I. of 1’CR product, 2 pL of 10 X RE buffer (Multicore™ 
, Promega), 0.5 pL restriction enzyme (10 U/pL), 

jjl, of acetylated bovine serum albumin (10 pg/pL) 
water to a final volume of 20 pL. The reac- 

Ih hilxture was incubated in an incubator at 37°C for 5 
iltt final product was subjected to electrophoresis us- 
|! i$  agarose gel in tris-acetate-EDTA buffer contain- 

I jig/ml . ethidium bromide (Sigma Aldrich). Each 
Ifhl l'( 'R product was mixed with 1/5 volume of the 

j||»U(|g buffer (Promega) and loaded into the agarose 
droplioresis was carried out at room temperature 
mul half hours. At the end of the electrophoresis 

jfi; Wrt1' visualised under ultraviolet transillumina- 
ijtMmitu GmbH, Germany). RFLP was done with 
Ifitervuee scrovars: L. interrogans serovar Canicola, 
flftltoi rhagiae and Pyrogenes. An undigested PCR 

ttltdc the reaction mix was prepared without 
|!h  I luc 111 restriction enzymes, was used as a con- 

Jt ,1, Lane 2).
/H R - A single tube nested PCR was used 

Iffy IPS rDNA gene specific for pathogenic and 
flip Leptospira species. Amplification was 

iwlug PCR primers: rrs-outer F (5'-CTCA- 
lA A< < ■< I GGCGGCGCG-31), rrs-outer-R (51- 

| | t  < M I < 5AGGGTTA A A ACCCCC-31), rrs-
(uUCGGCGCG T CTTA-3>X rrs-inner-R 

|t  Vt *A( 'CTGACTTACA-31) (Boonsilp et al.
mix consisting of 0.5 pL template 

|  green GoTaq*Flexi buffer (pH 8.5) (Pro- 
|M  MgCL (Promega), 0.2 pmol of each outer 
] |!«iu! uf (nner F, 5 pmol of inner R, 0.2 mM 

and 0.25 units of Taq DNA poly- 
»riie|a) wpie used in a total volume of 25 pL. 
| f |  Wal cwtried out using a thermal cycler 

with an initial denaturation at 
||d fi fttllowed by 40 cycles of 95°C for 10 s, 

s. another 40 cycles of 95°C for 
for 30 s and a final elongation

Fig. 1: hae 111 digestion of Leptospira. Lane 1: 100 bp DNA marker; 
2: undigested polymerase chain reaction (PCR) product; 3: Leptospira 
interrogans serovar Canicola (100 bp, 300 bp, 400 bp); 4: L. inter­
rogans serovar Icterohaemorrhagiae (100 bp, 200 bp, 300 bp); 5: L. 
interrogans serovar Pyrogenes (100 bp, 300 bp, 400 bp), 6; Leptospira 
biflexa Patoc 1 strain; 7-13; flaB PCR positive patient samples.

step at 72°C for 10 min. The resulting amplicon size was 
a 547 bp. Amplicons were visualised by gel electropho­
resis using an 1.5% agarose gel. L. interrogans Serovar 
Canicola and Leptostpirafainei BUT 6 strain were taken 
as positive controls and L. biflexa Patoc 1 strain and no 
template control were used as the negative controls.

PCR products were purified using a PCR product 
purification kit (Promega) according to manufacturer’s 
protocol and sequenced bidirectionally at Macrogen Inc 
(South Korea). DNA sequences were obtained using 3.1 
Big Dye chemistry. Individual gene sequences were 
aligned using Bio Edit v.7.0.9.0. Consensus sequenc­
es were generated using Chromas v.5.0 and species 
were identified using National Center for Biotechnol­
ogy Information (NCBI) BLAST. The gene sequences 
were deposited in the NCBI GenBank and accessions 
were obtained. Phylogenetic tree was developed using 
MEGA 6.0 (Fig. 3).

Ethics - Ethical approval was granted from the Ethi­
cal Review Committee of University of Sri Jayewarde- 
nepura (application 702/12).

RESULTS

Out of the 168 leptospirosis suspected patients 153 
(91%) were males while 15 were females. Of these, 43.1% 
were farmers, 22.4% were outdoor laborers, 12.5% were 
indoor domestic workers and others included indoor of­
fice workers, housewives and school students. The mean 
age of the study sample was 41 years (± 20). The me­
dian duration of fever on admission was six days (± 2.5). 
Thirty-nine patients (23%) had been treated.with antibi-ggi 
otics before admission to the hospital jLeptocheck rapid 
immunochromatographic assay for Leptospira J gM were _
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fig  2; lund 111 digestion of Leptospira. Lane 1: 100 bp DNA marker; 
j: Miulijtested polymerase chain reaction (PCR) product; 3: Leptospira 
hUfrhigtmx serovar Canicola; 4: L. interrogans serovar Icterohae- 
mtuiiw«utc, 5; L. interrogans serovar Pyrogenes; 6: Leptospira biflexa 
fitlN l otrain; 7-13: flaB PCR positive patient samples.

TABLE I

. t»f the laboratory diagnosis of leptospirosis based on
liiitwflvnpie agglutination test (MAT)”, polymerase chain 

;  tvm llmt (PCR) and immunochromatographic assay 
* :  ( I eptocheck) identification metliods

W»
iiiitu i'iisc definition) Method

Patients 
Result n (%)

IJV* tiAIPN 
1 eftwH

MAT
PCR

MAT and PCR 
MAT or PCR 

MAT, PCR and 
Leptocheck 
Leptocheck 

M AT, PCR and 
Leptocheck

+
+
+
+

61(3 6 )  
14(8.3) 
7 (4 .2 )  

66 (39.2)

6 (3 .6 )

84 (50)

73 (43.4)

168 (100)

A I' >?. 1:400; negative; +: positive.

(MPfii) while 13 (7.7%) were positive by 
f 168 suspected patients, 61 (36%) had 

f it  14(1(1 (Table I) among them, 90% had a
l i i o o r . . ,
i flMtl lM R products were subjected to re- 

i digestion by Hae III, the DNA of refer- 
‘JtWriviitinx serovar Canicola and Pyro- 

iifl % $) resulted in three bands (100 bp, 
hWhctt the patient samples were test- 
ijjflflli, three patients (Fig. 1, Lanes 

ltt||IpstionTpattern corresponding
'■VS.* ‘ ' v ' ■ . . . . . .

to L. interrogans serovar Canicola or Pyrogenes. Hae III 
restriction digestion was not able to differentiate between 
serovars Canicola and Pyrogenes. The reference DNA 
from L. interrogans serovar Icterohaemorrhagiae (Fig.
1, Lane 4) resulted in 3 bands (100 bp, 200 bp and 300 
bp). Two patients in our study had a similar RFLP pat­
tern corresponding to serovar Icterohaemorrhagiae (Fig.
1, Lanes 7, 11). A single band of 700 bp was observed in 
two patients (Fig. 1, Lanes 12,13) and they were identi­
fied as L. borgpetersenii by DNA sequencing.

Hind 111 digestion resulted in three DNA fragments 
100 bp, 300 bp and 350 bp in all reference strains; L. in­
terrogans serovar Canicola, Icterrohaemorrgiae and Pyro­
genes. All patient samples tested gave the same banding 
pattern (Fig. 2). Therefore Hind III was found to be less 
discriminative in the identification of Leptospira serovars.

Of the 84 Leptospira IgM positive patients, 12 were 
confirmed as leptospirosis using the nested PCR target­
ing the 16S rDNA gene. Interestingly, two IgM negative 
patients also gave positive results by rrs PCR. Therefore,
14 patients had confirmed leptospirosis by rrs PCR.

When risk factors were considered among the 14 lept­
ospirosis confirmed patients, being a fanner (p = 0.017), 
outdoor laborer (p = 0.046) and contact with contaminat­
ed water (p = 0.007) showed a significant association with 
having leptospirosis. All the confirmed leptospirosis pa­
tients had an exposure history prior to the onset of the dis­
ease. Of these, nine patients reported exposure to contam­
inated water sources (paddy/agricultural land and flood), 
five reported animal exposure (cattle, rats and dogs) and 
three had either cracked heels or wounds on their feet.

Based on sequence analysis, L. interrogans was the 
most common cause of disease in this study (n = 11, 
78.57%) followed by L. borgpetersenii (n = 2, 14.28%) 
and L. kirschneri (n = 1,7.14%). The consensus sequenc­
es were submitted to GenBank and accessions were ob­
tained as shown in Table II. A BLAST search revealed 
99-100% identity of our isolates to L. interrogans, L. 
borgpetersenii and L. kirschneri (Table II).

Phylogenetic analysis shows that L. interrogans 
strains in our study were similar to the Leptospira iden­
tified in the 2008 outbreak in the central province of Sri 
Lanka (Fig. 3). Specimens SLUSJ l, 2,16, 111, 160 and 
181 in our study were identified as L. interrogans which 
were closely related to isolate 68-JF910147 identified in 
the 2008 outbreak while specimen SLUSJ 3, 4, 19, 23 
and 119 were closely related to L. interrogans isolate 
229-JF910145 and isolate 109-JF910144 which were also 
identified during this outbreak (Agampodi et al. 2011). 
Specimen SLUSJ_12 and 70 were identified as L. borg­
petersenii and specimen SLUSJ176 was identified as L. 
kirschneri strains (Table II).

When clinical symptoms were analysed almost all 
patients were febrile on admission and had prostration. 
Headache (57%), myalgia (57%) and muscle tenderness 
(43%) were the common symptoms found in all confirmed 
cases. Conjunctival haemorrhage was seen in 35.7% of the 
confirmed leptospirosis,patients^Elevated-blood urea wasyf— 
seeirinM4.2%^whilst5setumfglutamic'-oxa!oacetic-transa-''~'~' 
minase and serum glutamic; pyruvic transaminase were ,
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L_lnterrogans_Lagoa_JQ765632.1 
LJnterrogans_Nonna_CTG_JQ765631.1 
LJnterrogans_OMS_JQ765633.1 
LJntenxjgan8_Batavtaa_DB59_3Q988841.1 
LJnterrogans_icterohaemoiThagiae_DB69_JQ988845.1 
LJnterrogans_Coppenhagenl_DB36_JQ988857.1 
L_interrogans_S6601_NR_074481.1

------— LJntenogans_RGA_NR_115295.1
SLU SJJ6
SLUSJJ81
SLUSJJ60
SLUSJJ11
SLU SJJ
SLUSJ.2
LJntem>gansJsolate_68_JF910147.1

SLUSJ_3 
SLUSJ_4 
SLU SJJ9  
SLU SJJ3  
SLUSJ 119
LJnterrogans_Canlcola_DB34_JQ988855.1 
LJnterrogans_FJ154564.1 
L_tnterrogans_Hebdomadis_DB45_JQ988848.1
L_mteirogan8_Hond_utreohJV_FJ154561.1 
LJnterrogans_TY0626K_KC682455.1

I LJnterrogans_FJ154551.1
LJnterrogansJsolate_229_JF910145.1 
LJnte(Togan6_i6olate_109_JF910144.1

SLUSJJ76
L_kirschneri_H1_EF536996.1 
LJcirachneriH2_EF536998.1 
LJdrschnerlJJT130_EF536997.1
-----------------:----------- -- L_weilii_isolale_334_JF910146.1
8LUSJ_70
8LU SJJ2

were conducted with MEGA 6.0, the phylogenetic tree being drawn based on 1,000 bootstrap replicates with Kimura 
jPlj iMtffihwi oil ihe nodes are the bootstrap support after 1,000 replicates. The specimens identified in the study are denoted by 

U j j f , 11- K  3L 70,111, 119,160,176 and 181.

L_borgpaterseniljSejroe_JQ988862.1
L_borgpetereenli_Veldrat_Batavia_46_NR_114969.1
L_bprgpatersenfi_KB0936K_KC662451.1 0.002

plhmfs.Of these patients, 35.7% had 
, hod neutrophilia whilst haematu- 
$  ffllt per high power field) was seen in 

Igiltti'tr levels were elevated in 7.14%. 
rilttltges were seen in 14.2%. Among 

patients 28.5% required ICU 
, 75% had infection due to L. 

I trifrorgpetersenii infection. Re- 
the confirmedcasesout

DISCUSSION

Leptospirosis is a widespread zoonotic infection 
gaining rapid importance in Sri Lanka due to the fact 
that the disease is associated with high morbidity and 
mortality (Agampodi et al. 2011,2014, Nwafor-Okoli et 
al. 2012). In this study population, 50% were presump­
tively identified as leptospirosis, whilst 36% were con­
firmed by MAT (titre > 400) (WHO 2010) (Table I). Ofr 

__,the totaLsuspectc<Lpatjents,;J3awe.^onfijrit||d/asJept^
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TABLE II

Leptospira sequence identity related to disease complications

Specimen number Sequence similarity
(SL U SJJ Identity (%) GenBank accession Disease complication

1 L. interrogans 100 KP732501 Myocarditis

2 L. interrogans 100 KP732502 Acute renal failure

3
L. interrogans strain

100 KP732503 Acute renal failure
Canicola

4
L. interrogans strain 

Canicola
100 KP732504 No complications

12
L. borgpetersenni strain

100 KP732506 Liver insufficiency
sejroe

Id L. interrogans 100 KP732508 No complications

19
L. interrogans strain 

Canicola 100 KP732507 Liver insufficiency

11 L. interrogans strain 100 KP732509 Liver failure

7(1 L. borgpetersenii strain 99 KP732510 Liver failure

i l l L. interrogans 99 KP732511 Myocarditis

119
L. interrogans strain

100 KP732512 Acute renal failure
Canicola

IWI L. interrogans 100 KP732513 Acute renal failure

lift L. kirschneri H2 100 KP732514 Acute renal failure

INI L. interrogans 99 KP732515 No complications

TABLE III

^  t'HMipiiiison o f  selected features o f leptospirosis outbreaks in Sri Lanka reported in 2008 and 2011 with the current study

2008°; 2011* 2013c

.Duilitfcitk Central province North central province Western and southern provinces

m m Throughout the year Follow ing heavy rains and Throughout the year
I t flo o d s in first quarter o f  the year

i f c t e i l l l i iu i l  species Leptospira interrogans Leptospira kirschneri L. interrogans
Z-<: (20/26) (26/32) (11/14)

IfiK lilh  ilttl Mtluii o f  fever (IQR) 6 (4-8) 6 (2 -8 ) 6 (4 -8 )

ikilmv (%) 13.8 21.9 35.7

pgH B B dtth  Chi) 10.3 15.6 14.3

K «l (2011); b\ Agampodi et al. (2014); c: current study; IQR: interquartile range.

|!U| U* Hie LF.RG guideline (WHO 2010). The rap- 
gjhttliioiitiilographic assay (Leptocheck) used in 
£ N il m sensitivity of 93% (Bandara et al. 2014) 
ijff'it wits less sensitive. The high sensitivity of 
SlIIHWtm'inntographic assay may have been as- 

} Willi (h|so positives. Similar observations were 
done in India (Panwala et al. 2011). In 

F tKfl low ITR positivity may be explained by 
of the organism in the collected blood 

ihU fytdein responses, prior use of antibiot- 
ifiltltilltin during transportation and varied 
flight (Smythe et al. 2002). ^

^ p 3 tised'b>(fsdyeral, researcher^to^i fferlg 
'Bf« (if/cptoSpira (Kawabata et'a). 2001, ” 
liJlill, I lie two restriction enzymes, Hae.;

III and Hind III, used in our study were unable to dif­
ferentiate between I. interrogans serovar Canicola and 
Pyrogenes. However, Hae 111 digestion was more dis­
criminative than Hind lit digestion for differentiating
L. interrogans from L. borgpetersenii. Thus, its use in 
Leptospira genotyping is limited which is in line with 
studies done globally (Kawabata et al. 2001). Therefore, 
we used a more discriminative 16S rDNA sequencing 
method. Phylogenetic analysis of Leptospira indicates 
the presence of three clades namely, the pathogenic se- 
rovars, nonpathogenic serovars and intermediate group. 
While the rrs primer js able to identifynboth pathogenic. ..

£ anddutermeci ■f-i.rtp'vtp, -̂ iaBbpt fmej s
'■plifjfonlyltlie^path’o^nic-'sVa^
, podi etal. 2011. Boonsilp et al. 201!. Nataraias.senivasan^ H
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Cl al. 2012). In the current study, SLUS J_111 gave a posi- 
tlve PCR with it s , but was negative with the flaB PCR. 

v I his can occur as a result of an intermediate strain or due 
-V lq varying degree of sensitivity of the two assays. In the 

' blast search of the amplified rrs sequence of SLUSJ_ 111 
'■ ■ revealed an identity of 99% with L. interrogans. How- 
5. ever, there is still a possibility of this being an interme- 

(time strain because in the current study only a segment 
. of rrs gene was subjected to sequencing. Intermediate 

Species of Leptospira such as Leptospira broomii, Lep- 
Ifityi/ra inadai, Leptospira licerasiae, Leptospira wollfi 
amt /„ fainei has been reported to cause acute febrile 

y  illness (Levett 2001). However there is no documented 
% ' report of intermediate strains causing leptospirosis in
S^J||£jittkathus far.
P uffin - this study L. interrogans strains were the most 

cause of disease followed by L. borgpeterse- 
hkirschneri strains. Circulating L. interrogans 

showed a 100% similarity to the 2008 strain which 
isolated from central province in Sri Lanka (Agam- 

I fit at. 2011). The strains isolated in this study showed 
Wi similarity to L. interrogans which was found to be 
f predominant strain in the current study and had been 
m  Irt Sri Lanka in 2008 outbreak. This strain was 

08 a highly virulent strain (Agampodi et al. 
|M Moreover it has been reported from China and the 

llfiim Islands and seems to be associated with both 
1 (uni nonsevere disease (Agampodi et al. 2013).

14 confirmed leptospirosis patients, only 11 
Sit complications whilst four were managed in 

ijff care units. Renal failure was the most common 
j  tmii|t)icution seen in the current study as seen in 
Illijily f Againpodi et al. 2011) (Table HI). Further in 

Iflil fltidy, L. interrogans was the main cause of 
iitme followed by hepatic insufficiency and myo- 

ji L horgpctersenii and L. kirschneri were not de- 
I Om *008 outbreak, but they have been reported 

during the 1960s and in the recent past from 
I ouinuii sources in Srr Lanka (Brenner et al. 

litmi et al. 2009, Agampodi et al. 2011, 2014).
of L. borgpetersenii among humans 

fft wcll documented previously although it has 
I ifttfing dairy cattle (Gamage et al. 2014). Cat- 
ifl$ source of infection in these two patients, 
dy wits conducted in the western and south­

ed  Sri Lanka having a different climatic, 
i| and socioeconomical conditions when 

III? previous studies done in central and 
f |dHVliiccs. This study highlights the evolu- 

nl' circulating strains in different time 
.aitkn. In conclusion, L. interrogans was 
jit circulating strain in western and south- 

, 2UP in Sri Lanka. The current data will 
|dil#rillining molecular epidemiological di- 

(ftfittiiika and globally.
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