Mem [nst Oswaldo Cruz, Rio de Janeiro: 1-7, 2015 1

Molecular characterisation and disease severity
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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-
“ {lon requiring hospitalisation and critical care. It is possible that several factors, such as the infecting serovar, level
-#f leptospiraemia, host genetic factors and host immune response, may be important in predisposition towards severe
iliscase. Different Leptospira strains circulate in different geographical regions contributing to variable disease sever-
-1y Therefore, it is important to investigate the circulating strains at geographical locations during each outbreak for
#phitemiological studies and to support the clinical management of the patients. In this study immunochromatography,
- mlcroscopic agglutination test and polymerase chain reaction were used to diagnose leptospirosis. Further restriction
- flugment length polymorphism and DNA sequencing methods were used to identify the circulating strains in two se-
* levted geographical regions of Sri Lanka. Leptospira interrogans, Leptospira borgpetersenii and Leptospira kirschneri
_ Ahains were identified to be circulating in western and southern provinces. L. interrogans was the predominant species
&l enlating in western and southern provinces in 2013 and its presence was mainly associated with renal failure.
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:;1} . Leplospirosisisan endemic, zoonoticdisease of public
edlth importance in Sri Lanka (Victoriano et al. 2009).

{111, 1,276 cases were reported to the Epidemiologi-
Hnit of Sri Lanka. Since Sri Lanka is predominately
dutlenliural country with a heavy rain fall, exposure
fdupira is a major occupational hazard (Brenner
1099). Leptospira interrogans, Leptospira santa-
tépuaspira kirschneri, Leptospira borgpetersenii
sosprira weilli have been reported from several
#fhieal locations in Sri Lanka at different time pe-
whh varying disease severity (Brenner et al. 1999,
ifmﬂm nl, 2012, 2014, Nwafor-Okoli et al. 2012).

}fﬁﬁ m the highly endemic _nature and associated
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sitial utbreaks of leptospirosis occur annually and

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 QlAamp 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).

FlaB polymerase cham reaction (PCR) assay, - PCR ,
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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 uL 5X green GoTaq® Flexi buffer (pH 8.5) (Pro-
+ mega, USA), 2 mM MgCl, (Promega), 0.1 pM of each
-primer (F1-TCTCACCGTTCTCTAAAGTTCAAC, RI-
CTGAATTCGGTTTCATATTTGCC), 0.4 mM deoxy
:nucleoude triphosphate (dNTP) mix (Promega) and 0.25
#-units of Taq DNA polymerase (Promega). L. interrogans
" [INA was used as a positive control and a negative control
_~‘without the template DNA were included in each PCR as-
“~ iy, PCR amplification was initiated at 94°C for 5 min
- fllowed by 45 cycles of 94°C for 1 min, 56°C for 1 min,
;.12°C for 90 s and a final elongation step at 72°C for 10 min
Ith final hold at 4°C. The resulting amplicon was 793 bp
@il these were stored at 4°C until further analysis.

_ * Restriction [fragment length polymorphism (RFLP) -
PR products of flaB PCR posmve patient samples were
“sdd for RFLP digestion using Hae III and Hind III re-
ifletlon enzymes (Kawabata et al. 2001). The restriction
digention was carried out in 20 pL of volume in a sterile
¢entrifuge tube. The reaction mixture contained 10
PCR product, 2 uL of 10 X RE buffer (Multicore™
. Promega), 0.5 nL restriction enzyme (10 U/pL),
. of acetylated bovine serum albumin (10 pg/pL)
distilled water to a final volume of 20 pL. The reac-
pii iniaturc was incubated in an incubator at 37°C for 5
hit flnat product was subjected to electrophoresis us-
y agurose gel in tris-acetate-EDTA buffer contain-
ﬁr/ml, ethidium bromide (Sigma Aldrich). Each
PCR product was mixed with 1/5 volume of the
g buffer (Promega) and loaded into the agarose
“bﬁlrhphmsw was carried out at room temperature
i half hours. At the end of the electrophoresis
wirn visualised under ultraviolet transillumina-
tru GmbH, Germany). RFLP was done with
nee serovars: L. interrogans serovar Canicola,
werhagiae and Pyrogenes. An undigested PCR
{, 4licie the reaction mix was prepared without
i {lue 111 restriction enzymes, was used as a con-
1, 2, Lane 2).

#UR - A single tube nested PCR was used
f¥ 164 11NA gene specific for pathogenic and
Hate 1.eprospira species. Amplification was
il wsing PCR primers: rrs-outer F (5'-CTCA-
GETGGCGGCGCG-3Y), rrs-outer-R (5'-
{1 ACTGAGGGTTAAAACCCCC-3Y,  rrs-
HGGCGGCGCG T CTTA-Y, rrs-inner-R
[EAUACC TGACTTACA-S‘) (Boonsilp et al.
{ iauter ix consisting of 0.5 pL template
green GoTaq¥Flexi buffer (pH 8.5) (Pro-
L§ MyCL, (Promega), 0.2 pmol of each outer

of af’ faner F, 5 pmol of inner R, 0.2 mM
1 tn) and 0.25 units of Taq DNA poly-
' used in a total volume of 25 pL.
rried out using a thermal cycler
K) with an initial denaturation at
wed by 40 cycles of 95°C for 10 s,

for 30's and a final elongation”

s, another 40 cycles of 95°C for—

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 Leptostpira fainei 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 (x 2.5).
Thirty-nine patients (23%) had been treated.with antib
otics before admission to:the-hospital. Leptocheck rapid -—=%
xmmunochromatographlc assay for Leprospzra_l eM were — .
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(‘m 3. hind {11 digestion of Leptospira. Lane 1: 100 bp DNA marker;
3 muhgcqtcd polymerase chain reaction (PCR) product; 3: Leptospira
fhigeriguns serovar Canicola; 4: L. interrogans serovar Icterohae-
mmlmgmc 5: L. interrogans serovar Pyrogenes; 6. Leptospira biflexa
dlint-| At rﬂln. 7-13: f1aB PCR positive patient samples.

TABLEI

{% uf the laboratory diagnosis of leptospirosis based on
¢ipic agglutination test (MAT)?, polymerase chain
on (PCR) and immunochromatographic assay
{1eptocheck) identification methods

. o Patients
we definition) Method ~ Result n (%)
MAT +  61(36)
PCR + 1483
MAT and PCR  + 7@4.2)
MATorPCR  + 66(39.2)
MAT, PCR and ;
Leptocheck 6 '(3'6)
Leptocheck + 84 (50)
# MAT, PCR and
¥ Leptocheck - BEY
- - 168 (100)

2 1:400; - negative; +: positive.

b {3M) while 13 (7.7%) were positive by
1 IhK suspected patients, 61 (36%) had
(

¥ seen i 14.2%: whnlst—semmglutamxc-oxa‘oucetnc transa-
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toL. interrogans serovar Canicola or Pyrogenes. Hae I11

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 1dent1-
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 farmer (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 1, 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 SLUSJ_176 was identified as L.
kirschneri strains (Table IT).

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:w:
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[ L_interrogans_Lagoa_JQ765632.1
L_interrogans_Norma_CTG_JQ765631.1
L_interrogans_OMS_JQ765633.1 '
L_interrogans_Batavise_DB5S9_JQ988841.1
L_interrogans_lcterhaemorthagiae_DBG9_JQ988845. 1
| L_interrogans_Coppenhageni_DB36_sQg8a8s?.1
L_interrogans_56601_NR_074481.1
L_interrogans_RGA_NR_115295.1

SLUSY 16

SLUSJ_181

SLUSY_160

SLUSS_114

SLUSL 1 | o
SLUSJ 2 ' '

L . interrogans_j lsulata 68_, JF9101471

SLUSS 3

SLUSJ_4

SLUsJ_19

SLusy 23

SLUSJ_118 :
L_interrogans_Canicola_DB34_JQ088855.1
L_interrogans_FJ164564.1

L_interrogans Hebdomadis_DB45_JQ988848.1
L_interrogans_Hond_utrech_[V_FJ154561.1
L_interrogans_TY0626K_KC662455.1

; L_interrogans_FJ154551.1
L_Interrogans_jsolate_229_JF910145.1
L_interrogans_{solate_109_JF010144.1

SLUSJ_176
L_kirschneri_H1_EF536996.1

L_kirschneri_H2_EF536998.1

L_Kirschneri_UT130_EF536997.1 .
L_weili_isolate_334_JF910148.1

SLUSST0

SLUSJ_12 _

L_borgpetersenii_Sajroe_JQ968862.1

L_borgpetersenii_Veldrat Batavia_46_NR_114960.1
_L_borgpefersoni_KBORIGK_KCE62451.1. Y

y {re conducted with MEGA 6.0, the phylogeneuc tree bemg drawn based onl 000 bootstrap replicates with Kimura

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). Of. -
_. the total. suspectad_.-patxents 13.were confirmad.as. lept=—

rrs’EPCR —respect;velym
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TABLEII
Leptospira sequence identity related to disease complications

Specimen number ‘ Sequence similarity
(SLUSI) Identity (%) ~ GenBank accession Disease complication

L. interrogans 100 KP732501 Myocarditis
L. interrogans 100 KP732502 Acute renal failure
L. interrogans strain

; 100 KP732503 Acute renal failure
Canicola .
L znterrogqns strain 100 KP732504 No complications
Canicola . '
L. borgpetersenni strain 100 KP732506 -* Liver insufficiency
sejroe . .
L. interrogans 100 - KP732508 No complications
L. interrogans strain 100 ' KP732507 Liver insufficiency -
Canicola
L. interrogans strain 100 KP732509 v Liver failure
L. borgpetersenii strain 99 KP732510 Liver failure
L. interrogans 99 KP732511 Myocarditis
L. interrogans strain - 100 KP732512 . Acute renal failure
Canicola _ -
L. interrogans 100 KP732513 Acute renal failure
L. kirschneri H2 100 KP732514 Acute renal failure
L. interrogans 99 KP732515 No complications
TABLE HII

ipntison of selected featares of leptospirosis outbreaks in Sri Lanka reported in 2008 and 2011 with the current study

20087 : : 2011 2013¢
~ Central province North central province Western and southern provinces
Throughout the year Following heavy rains and Throughout the year
' floods in first quarter of the year
" Leptospira interrogans Leptospira kirschneri L. interrogans
(20/26) (26/32) ‘ (11/14)
nn 0(‘ fever (IQR) _ 6 (4-8) 6 (2-8) 6 (4-8)
13.8 219 , 357

10.3 _ 156 14.3

16 the LERG guideline (WHO 2010). The rap- 111 and Hind I1I, used in our study were unable to dif-
iélromatographic assay (Leptocheck) used in  ferentiate between L. interrogans serovar Canicola and
i & sensitivity of 93% (Bandara et al. 2014)  Pyrogenes. However, Hae 111 digestion was more dis-
ws less sensitive. The high sensitivity of ~ criminative than Hind 111 digestion for differentiating
whromatographic assay may have been as- L. interrogans from L. borgpetersenii. Thus, its use in
¥ith falee positives. Similar observations were  Leptospira genotyping is limited which is in line with
one in India (Panwala et al. 2011). In  studies done globally (Kawabata et al. 2001). Therefore,
Jow PCR positivity may be explained by ~ we used a more discriminative 16S rDNA sequencing
(.-organism in the collected blood method. Phylogenetic analysis of Leptospira indicates
the presence of three clades namely, the pathogenic se-
rovars, nonpathogemc serovars and mtermedlate group.

' P
; pod1 etal. 2011 “Boogsilp ctal. 2011, Natarajass




¢{al. 2012). In the current study, SLUSJ_111 gave a posi-
tive PCR with rrs, but was negative with the flaB PCR.
his can occur as a result of an intermediate strain or due
arying degree of sensitivity of the two assays. In the
blast search of the amplified rrs sequence of SLUSJ_ 111
fevealed an identity of 99% with L. interrogans. How-
er, there is still a possibility of this being an interme-
“dlite strain because in the current study only a segment
‘uf.rrs gene was subjected to sequencing. Intermediate
wicies of Leptospira such as Leptospira broomii, Lep-

‘aisd L. fainei has been reported to cause acute febrile
$ (Levett 2001). However there is no documented
of intermediate strains causing leptosp1r0s1s in
Linka thus far.

I this study L. mterrogans strains were the most
ion cause of disease followed by L. borgpeterse-
il I, kirschneri strains. Circulating L. interrogans
inswhowed a 100% similarity to the 2008 strain which
i {soluted from central province in Sri Lanka (Agam-
| et al. 2011). The strains isolated in this study showed
milarity to L. interrogans which was found to be
minant strain in the current study and had been
n Sl'l Lanka in 2008 outbreak This stram was

Wi fslands and seems to be associated with both
# diul nonsevere disease (Agampodi et al. 2013)

re units. Renal failure was the most comm'on

ilupe fllowed by hepatic insufficiency and myo-
i I horgpetersenii and L. kirschneri were not de-
i il 2008 outbreak, but they have been reported
during the 1960s and in the recent past from
anfmal sourees in Sri Lanka (Brenner et al.
tml et al. 2009, Agampodi et al. 2011, 2014).
#tculntion of L. borgpetersenii among humans
Il documented previously although it has
g dairy cattle (Gamage et al. 2014). Cat-
wce of infection in these two patients.
¥ wis conducted in the western and south-
+f Sri Lanka having a different climatic,
ml socioeconomical conditions when
e previous studies done in central and
"Ances. This study highlights the evolu-

ika. In conclusion, L. interrogans was

ning molecular epidemiological di-
jnka and globally.
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