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Resumo

Situacdo epidemioldgica da leptospirose no Brasil e desafios em seu diagnéstiaptospira
interrogansé uma das bactérias causadoras da leptospirose, uma zoonose de ampla distribuicdo mundial.
Atualmente, essa zoonose é considerada uma das que apresenta maiores taxas de morbidade e mortalidade no
Brasil (mesmo considerando a Dengue, a maior arbovirose em humanos), com cerca de 3.800 casos humanos
SRU DQR GRFXPHQWDGRY 3RUpP GHYLGR jV GL{FXOGDGHV LPSRVWI
rapido, sensivel e que possa ser empregado como teste de rotina para a deteccéo da leptospirose, essa doenca é
FRPXPHQWH VXEQRWL,FDGD H GLDJQRVWLFDGD HUURQHDPHQWH 2 W
D DJIOXWLQDomR PLFURVFySLFD R TXDO DSUHVHQWD GL¢{FXOGDGH GF
nesta revisdo uma visao geral da situacéo epidemioldgica da doenc¢a no Brasil, além das contribui¢cdes presentes
QD OLWHUDWXUD SDUD R GHVHQYROYLPHQWR GH QRYDV DERUGDJHQV

GH VHTXrQFLDV JrQLFDV D TXDO DSUHVHQWD SRWHQFLDO SDUD DQiO
deLeptospiraspp.
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Abstract

Leptospira interroganss one of the causative agents of human leptospirosis, a zoonotic disease with
worldwide distribution. Nowadays, this zoonosis is considered one of the biggest in terms of morbidity and
mortality (even considering Dengue, the major arbovirosis affecting humans), having in Brazil 3,800 human
FDVHV SHU \HDU &XUUHQWO\ GLI¢{(FXOWLHYV LPSRVHG E\ WKH DEVHQI
used as a routine test for the detection of leptospirosis lead to misdiagnosis and underreported cases. The gold
VWDQGDUG GLDIJQRVWLF WHVW IRU OHSWRVSLURVLY LV WKH PLFURVFI
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in execution and interpretation. Therefore, this review proposes a general view of the epidemiologic situation
of the disease in Brazil, in addition to the current contributions in the literature for the development of new
diagnostic methods. Amongst them, the gene sequences polymorphism analysis, which presents potential for
phylogenetic and populational analysis and genotypirigpfospiraspp.
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Introduction PRUELGLW\ DQG PRUWDOLW\ &267% H
in approximately 2.9 million disability-adjusted life

Leptospira and leptospirosis \HDUV '$/< DQQXDOO\ 725*(5621 HW

o _ _ Leptospirosis has a high prevalence in the tropics,
Leptospirosis is a neglected zoonosis worldwidgyhere its transmission is favored due to the prolonged
caused by pathogenic spirochetes of the gen_gﬁrvival of the pathogenic leptospires in warm and humid

Leptospira,which is associated with the disease "8nvironments (HARTSKEERL et al., 2011). The disease

humans or other mammals (LEVETT, 2015). The ger"i’sq‘usually seasonal, presenting increased peak incidence

Leptospiraincludes 64 species, among pathogeni&uring the rainy season (LEHMANN et al., 2014).
and saprophytic members (VINCENT et al., 2019).

Pathogenit eptospiraspp. colonize the proximal renal Aside from the rise of pluviometric precipitation
tubules of the host, and then they are excreted to ¥plues in some seasons of the year, the natural disasters,
environment through the urine, contaminating soil argfPecially the ones with hydrologic focus, were already
ZDWHU VDPSOHV .2 Hw DO relatedzig Bragd gs/Ryblic Gealif-qipergeacies. In the
occurs indirectly by touching contaminated material ¢Pn9 térm, the human population and other animals can
directly by contact with contaminated urine. Besigdie affected by transmissible diseases, like leptospirosis,
colonizing the kidneys, pathogenic leptospires cdi an intermediate time span (days and weeks) after
injure other organs, like the liver and lungs (ADLERglsasters. Therefore it's necessary an approach to

02&7(=80% effectively reducing risk to health associated with
o GLVDVWHUV 5(9,67% '2 &(1752 %5%6,/
Leptospirosis can occur from an asymptomatnz6 78'26 '( 630 ( )(5(17= HW DO

IRUP RU PLOG AX VIPSWRPV WR D VHYHU FOLQLFDO FRQGLWLRAQ
NQRZQ DV :HLOfV GLVHDVH .2 HwW p® WKH FRRWHEY RHpARH +HDOWK
usually has a biphasic presentation, characterized b{fsd- dogs) may be great sentinels in the detection of
septicemic acute stage, that persists for around one we8R{OSPirosis presence in the environment, for also
IROORZHG E\ DQ LPPXQH VWD JH®aVW @p NRojiag rplednytes Eansipigsipn of the
production of antibodies and the end of the symptorféS€ase to humans (GHNEIM et al., 2007). As an
(convalescent phase). If not treated, leptospirosis c&%@mPple, there is a reported case of a dog which was
progress to its more severe form which, alongside tfescued from the city of Brumadinho, Minas Gerais, after
symptoms aforementioned, may develop kidney artge rupture of the barricade of iron ore waste and exposed

liver failure, and pulmonary hemorrhage (HAAKE;tO the serovar Copenhageni, of the Icterohaemorrhagiae
LEVETT, 2015). VHURJURXS VKRZLQJ D 0%$7 WLWUH -«

_ ] o _ the importance of the follow-through of cases and
Inthe tropical regions, leptospirosis was estimateg], yosis of non-human leptospirosis for the control of

to cause 10 or more annual cases per 100,000 populaﬂg(h leptospirosis outbreaks I_-SSILVESTRINI etal., 2020).
T+ 2 7KH :RUOG +HDOWK 2UJDQL]DWLRQTV

Leptospirosis Burden Epidemiology Group estimated The diagnosis of leptospirosis requires compulsory
that there are 1.03 million of leptospirosis cases perye@rR WL FDWL R Q VLQ F H WKH \HDU
worldwide, resulting in 58,900 deaths. Such numbef917). From that milestone until 2015, the country

turn leptospirosis the leading zoonotic in terms dfocumented approximately 3,800 leptospirosis cases
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Agglutination Technique (MAT) or Martin and Pettit Although some diagnostic techniques are
test (MARTIN; PETTIT, 1918). The MAT is basedcommercially available for leptospirosis, new and

on the agglutination of the serological samples of thmproved methods are still required to increase the
patient when confronted with antigens in suspensiopswer of the diagnosis and diminish the underreport

of at least 18 alive leptospires from different serovaf the disease. Ideally, methods must be sensible and

VHURJURXSYV T+ 2 +RZHYMBHBI$Z FSHIHRMHIKWNYWR GHWHFW WKH L

some limitations since (i) cultivation of leptospires i®f the disease and to be affordable to be available for
laborious and time-consuming due to the fastidiougsource-limited settings.

characteristic of the bacteria, which can result in frequent The criteria used for the selection of the papers

contaminations; (i) high cost of available culture medi\"?\‘/ere: studies in Portuguese or English, that contemplates

and (iii) the interpretation of the result is subjectiw?he leptospirosis and diagnosis relationship, which
RI'DJJOXWLQDWLRQ /,00%7 m a%éﬁh%@bcﬁllu édlyj\écts were addressed together in

al., 2012). the study. For each paper selected, it was analyzed the

2WKHU VHURORJLFDO PHWKRGWMQ@IONH OBEWWUDJFMD X WH QTRVULARQ D!

ODWHUDO ARZ DQG (Q]\PH /LQ N &halysi,Rh¢ Qdpat RitbE ¢o@edpahied B\the proposed

(ELISA) may circumvent those limitations. Rapidcriteria were separated by year, the technique utilized,

DVVD\V IRU VSHFL¢F DQWLER G)\agdHviifl FeRulisk Quch hfprniakorHvjas FeXteygotiged

immediately after the collection of the biologicaland distributed together with the pros and cons of each

sample, allowing for a quick diagnosis and early drudjagnostic approach.

intervention, improving the treatment and prognosis

of the patient. Additionally, ELISA is considered more

sensitive when compared to MAT to the detection of

Immunoglobulin M (IgM) during the acute phase of

WKH GLVHDVH LQ KXPDQV 5,%(,52 HW DO 2Q

the other hand, the fact that the disease has a biphasic Genotyping is a process to analyze single strains

form (acute and convalescent phases) is a limitation@b bacteria at the genomic level (based on the DNA

serological tests, since the antibodies in the acute phagguences). Itis important to reliably differentiate among

are detected only around 4 to 5 days after the infectit#lated bacterial isolates of the same species, which is

(PICARDEAU, 2013). essential for epidemiological surveillance, detection

of the sources of outbreaks and to study bacterial

le toTshEi)r:spiFs)“ccj;;“Or:)soifs r:]SOICeuCrliLa:tlte(;:nIi?nueosrtzg)opulation and transmission dynamics (VAN BELKUM
ptosp 9 y P W DO :2/6.$ 6=:('$ 7KH

alternative (Table 2) (GUNASEGAR; NEELA, 2021). n i tho re critical to. the understandin
7JHVWV EDVHG RQ WKH DPSOL&F%G\MBB%? RY 'f%a\/Hﬁ.tl!’?J(t\)V{PV BYefgignding
. : of the dyrfamic oL eptospirain the"environment and
PCR (Polymerase Chain Reaction) are among the mPsE ifferent hosts. Amond th in techniques that
H1FLHOW WR FRQcUP wi 610G ROt TR IRTD WY BRUKE 6
requires technical knowledge to be executed, and | ploy g P !
presents a high-cost in equipment and reagents, wh

Alt plified fragment length polymorphism (AFLP)
. . . . . JAYACHARI et al., 2004), Multilocus Variable
can limit the implementation in resource-limited setting

ZLWKRXW VSHELGF FRPSHWHQF H IEPYRIEHNERERATTET O T
PINSKY, 2016). Variations in the traditional PCR N : P

* * <
method like Nested PCR, PCR Multiplex, and Loop- 3)*( $//2:% [ (77 DUH WKH

studied. Current LP P present limited
OHGLDWHG ,VRWKHUPDO $PSOL ¢ is@ri?/rgha céy é)§v§§ ar@%wkﬁtg%)ﬁr?)yu ibility for

studied and can be applied to diagnosis with variable

FRVW VHQVLELOLW\ DQG VSHF chr%n\ﬁr{)ups of str.ains, while the MLVA presgnts the
disa vantage of being accurate only for strain&.of



7$%/( 6HURORJLFDO GLDJQRVWLF PHWKRGV IRU OHSWRVSLURVLY EDVHG
Immunoglobulin G (IgG), including the pros and cons.

IgM

l9G IgM antibodies can be detected Aihua et al.
IgM-1gG LQ WKH ¢UVW Z_HHMDULWEQFG_BBHBNJ,—IFLW\ 0H2013) VHQVLELOL
ELISA /Ls/ During the elapse of the disease, An epidemiologic study of the

_ Vedhagiri et al.
oM V'S HielgvBls of IgG become higher,strains present in the region may
g

(2013)
evidencing the convalescent be needed. Martinez et al.
u/LS/ phase of leptospirosis. (2021)
LipL21-
2P S/ ,JO
Hull-Jackson et al.
Diagnosis screening test, simple, (2006)
i iti Shekatkar et al.
Recombinant fast and highly senS|.t|ve and May present weak results in the
Latex VSHFL¢F . : (2010)
agglutination | . Lsa27 . High stability to transportation acute pha§e of the d|§ease, smceNa alingam et al
LigB protein the antibody level is low. galing '
and prolonged storage (long (2015)
shelf life). Alamuri et al.
(2020)
L ' i Rao et al.
IDWHUDO ARZ Alternative as a screening test, ;x| yy FRQ¢UPDWRQ RI SRVLWL
. especially in places where MAT
immunoassay IgM is not available. like farms results by other methodology. |
rapid test \ : ' +LJKHU VSHFL¢FLW\ SAliovLELOLW
hospitals and remote areas. 2018)
It is not especially useful in the
acute phase of the disease because
the acute phase antibodies are
detected only around 4 to 5 days
after the infection. It requires . .
paired serum and live culture ~ Martin and Petit
as antigens. Laborious and (1918)
i Dikken and Kmet
Gold standard for the may p.resen_t ns_ks o the person y
. . . manipulating it. Subjective (1978)
MAT IgG e IgM  diagnosis of human and animal . :
L visual result. Susceptible to false Who
leptospirosis. s : .
positives (cannot differentiate (2003)

antibodies that come from
infection from the others from
vaccination). May have low
VSHFL{FLW\ VLQFH WKH VDSURSK\WLF
/HSWRVSLEhareELAH[D
outer membrane antigens with
pathogenic strains

Haake and Levett
(2015)

Source: Authors.



TABLE 2: Comparison of the molecular diagnostic methods based in the Polymerase Chain Reaction (PCR) for leptospirosi
including its pros and cons.

$O0ORZV WKH LGHQWL,{FDWLRQ RI

pathogenic species, as well as R
) . omero et al. (2010
environmental surveillance. ( )

PL32 by wHU DoG VLPsoHGWEN Q';OF X B'W%@W Romero (2014)

equipment anasco et al. (2016)

res S
PCR secY MAT. .AHOWS detecpon n the reagents, and technicalNagalingam et al. (2015)
earlier stages of infection. >
16S rDNA : competence. Podgorsek et al. (2020)
This method can be used even Philip et al. (2020a)
in patients that have initiated P ’
antibiotics use.
Removal of the step of High cost for Ahmed et al. (2009)
secY L P VPDOO ODER Wagydder et/ (2014)
gPCR s electrophoresis in agarose gel. B.n es eciallx '51 H%ipitiya et al. (2016)
(Real Time lipL32 SUHFLVH TXDQWL éj—ive}&}ng g)uthrrles,K Ali et al. (2018)

Quantitative PCR) AD% sensclggl\tyérl]lgig:g%%son 0 where this disease is  lwasaki et al. (2016)
' predominant. Shukla et al. (2021)

) - It requires RNA
Guaniiaiive Reverse "S85 orecponding assays of  SX1aCton and cONA
Transcription PCR) FRNA) guantitative PCR (qPCR). synthesis, increasing
the cost and time

Backstedt et al. (2015)

+LJKHU VSHFL; FRWD REFHHBRI QRQVSHFL¢F
conventional PCR, due to the  binding between Ahmed et al. (2012)

. lipL32 : ; . .
PCR Multiplex 165 rRNA detection of a _hlgher number the ollgonucleotldes Philip et al. (2020b)
of genes. Multiple fragments leading to false
DPSOL¢{HG VLPXOW D fokitvesV O\

Higher sensibility in comparisorhisk of contamination

lipL32 to conventional PCR. Primers Boonsilp et al. (2011)

More time- and Koizumi et al. (2012)

Nested PCR omplL1 have a lower chance of s sumin
16SIRNA DQQHDOLQJ LQ q:\??@t‘{/c‘é HEDSHENI Bandara et al. (2016)
‘ ~when compared“o the
AD% sequences, because of the size . Hsu et al. (2017)
. : conventional PCR.
reduction of the amplicon.
Due to its high
Better diagnostic accuracy DPSOL¢{¢FDWLRQ
of Leptospiraspecies than HlI¢FLHQF\ WKH
rrs traditional PCR. No need of LAMP reaction
. . . Sengupta et al. (2017)
lipl32 thermocycler, electrophoresis has higher chances :
: . . . Tubalinal et al. (2018)
LAMP - PCR lipl21 and transilluminator. Faster  of a false-positive - 019)
ADE results over other molecular DPSOL¢;FDWLR é}la'y%i)?tval_'
onica et al. (2019)

lipL41 methodologies. Results can beby contamination by
measured by real-time transference. Higher-

turbidity method. throughput primer
design.

Source: Authors.



interrogans Therefore, MLST (Multilocus Sequence Currently, there are 3 MLST schemes available
Typing) has been suggested as an important alternatige Leptospiraspp. that can be accessed through the
to genotypingLeptospira(AHMED et al., 2006; IROORZLQJ ZHEVLWH OLQN KWWSV
%2216,/3 HW DO 9$51, HW DADHSWRVSLUD VvSs ! -2//(< HW DO

MLST allows to gather more accurate clinical datgelectlon of a gene for a MLST scheme, it's important

that permits better studies about this genus virulen(ggfjlt t.he gene presen';s a slow e;]'OIU?OH arr?ong j[he same
and epidemiologic surveillance, that allows to detecP€c!®s (AHMED etal., 2006). Therefore, the main genes

outbreaks and the dynamic of transmission among hoéfg.ed in the available MLST schemeslieptospiraspp. _
are usually genes encoding outer membrane proteins,

MLST is a genotyping method based on thegs rRNA and housekeeping genes (Table 3).
sequencing of single-nucleotide polymorphisms (SNPs)

of housekeeping genes or essential genes, with each PCR I:300n3|lp e]E al. (2?13) reportgd that gven W't:: the
fragment named as a distinct allele. From the uplogaqa numbero. samples b(féptosplrasgbmltted tothe
of the set of alleles of the selected genes, the seque ST scheme it was possible to assign the samples to

typing (ST) is determined. Therefore, isolates with th‘t:.l—:iStinCt clades with 100% of precision, suggesting the

VDPH DOOHOLF SUR.OH RU W KRPIRASR] giobal gpjdemiglagicat sHvey,ipclydipg
EHLQJ SDUW RI WKH vDPH FoRdJE M3k RANOBR)IGSREFIES N ARERIpspifggenus.

was described at the end of the 1990sNeisseria his same study also demonstrated .a potential for )
meningitidisand it is largely employed nowadays as eyv KLV DSSURDFK LQ GH¢QLQJ WKH VS

typing method for many bacterial species (MAIDEN et[hrough time a(r:d linking the species to their maintenance
al., 1998 2013). KRVWV %2216,/3 HW DO

The MLST method usually presents higherh Ano.ttr:.?r pOfSI'[IV(? p0|tr11t of the _ML_ST met;[hod 'Sf
resolution and higher replicability when compared tE) € possibility of tracing the transmission pathways o

RWKHU WUDGLWLRQDO W\SLQJ P REVES) MERIQORRGA 2R %'Begt?' "R OB
the corresponding ST, MLST requires the submissicgple genetic diversity among strains and in the same
: ' . . VSHFLHV %2216,/3 HW DO +RZ
of the sequencing of the housekeeping genes in online . :
. ] those MLST methods allows the inclusion of all the

databases, making the results available through a.

FROODERUDWLYH QHWZRUN 20Q W’Bﬁﬁ?%ﬂ?ﬁ”@ff‘%ﬂmg@@@ﬂ@i?EtBiESW\ R
s

. : . , In ears, sevelaptospiragenomes have
housekeeping genes among bacteria strains still pres%n

. een sequenced, facilitating the design of new primers
itself as a bottleneck for the development of MLS or an imq roved or new MLgST schemg(]e that ma pcover
schemes for certain species (MAIDEN et 2013). P y

7$%/( 6FKHPHYV RI JHQHYV DPSOLLdptGspir V\8 B HD ¥ BLI7OMVEVOCH LRUW KH 3XEOQ/67 G
et al., 2018).
glmu, / LQWHUURJDQV / ERUJSHWHUVHQLL / DOH[DQGHUL
SQWS$ VXF$ WSL$ SIN% PkirstBneri, L. noguchii, L. Boonsilp et al. (2013)
FDL% santarosaiandL. weilii
adk, gimU, icdA, lipL32, . . . .
lipL41, mreA e pntA L. interrogansandL. kirschneri Varni et al. (2014)
adk, icdA, lipL32, lipL41, L. interrogansandL. kirschneri Ahmed et al. (2006)

rrs2 e secY

Source: Authors.



all clades of_eptospira since the most recent schemeliagnosis, often causing the zoonosis to be underreported.
was described in 2014. Due to these challenges, many studies have been
I\ggveloped to identify novel diagnostic targets capable

is largely employed for phylogenetic and typing studied? ! LQFOX V LRQ DQG FODVV .L ¢FDWLR
since those sequences are less susceptible to horizoRjtest and facility structure are of extreme importance
gene transfer and variations along evolution (ACINA¥/NEN developing a leptospirosis diagnostic method,
etal., 2004). The precision of the phylogenetic analysi4ce outbreaks of this disease are more frequent in
EDVHG RQ 6 U51$ XVXDOO\ G H¥®VUIPHREGLNHesRGIsh ogmenty present limited
species or among the serovarlefptospira(TAN et €sources. It is important to notice that rapid methods
al., 2013), requiring other gene markers to better solpged to consider rural areas and cities located away from
those taxa. Furthermore, the analysis of 16S rRNA caf KH FHUWL(FDWHG ODERUDWRULH
be challenging when working with certain taxonomid@WXGLHV WR LPSURYH WKH VHQVLE
groups, since many bacteria have multiple copies 8f the diagnostic tests are also required.

those sequences in the genome (ACINAS et al., 2004). The availability of genotypic analysis though

Despite the efforts, the scheme presenting the b&gtline databases, like PUbMLST, opens the door
discriminatory power among the species of the gen{y sharing data among groups of various locations,
was the one described from Boonsilp et al. (2013), whigsipporting epidemiological data on local, global, and
can be used for seven species, whoeeetospirais a long-term scales. Currently, the cgMLST may represent
genus with 64 species in four sub-clades, therefore néwpromising scheme for the genotypingLeptospira
schemes with a better discriminatory power are needé@lates and offers an opportunity to better understand
to avoid false negatives. those Spirochaetes, since cgMLST can be performed

, . ta study transmission among hosts and detection and

For this reason, recent studies propose the analysis .

surveillance of outbreaks.
of complete genome sequences called core genome
PXOWLORFXV VHTXHQFH W\SLQJ FJO/67 DV DQ HI¢(¢FLHQW
accurate and reproducible method for genotyping of
Leptospiraisolates. In contrast to MLST, the cgMLST
analyses hundreds of loci for the comparison of genes 7KLV VWXG\ ZDV (¢QDQFHG LQ SDLU
Rl WKH DVVHPEOHG JHQRPH D 0OMpetieiQoamahitoHie Resscande NvE \WUpBiQr —
of species, clades, clonal groups, and sequence tyggssil (CAPES) — Finance Code 001 and National
turning this method one of the most straightforvardway& RXQFLO IRU 6FLHQWL¢,F DQG 7HFK
to explore complex genomic data in an epidemiologic@CNPq). To Professor Gislaine Fongaro for the assistance
FRQWH[W *8*/,(/0,1, HW DO on theirhadé 2r@dtion.
PICARDEAU, 2020). Guglielmini et al. (2019)
FRQWULEXWHG WR WKH FROOHFWLRQ RI VFLHQWL¢(F GDWD WR W
development of a cgMLST scheme from comparative
analysis using.eptospirastrains for many sources andg 1$6 6 * 08$5&(/,12 / $  ./(3%& &(5%-
geographic locations, by identifying 764 core genesf@2/= 0 ) 'LYHUJHQFH DQG UHGXQGDQF\ R
the genus, being 545 of those considered suitable faygenomes with multiple rrn operondournal of Bacteriology,

cgMLST genotyping (GUGLIELMINI et al., 2019).  ‘/ashington, v. 186, n. 9, p. 2629-2635, 2004. _
$'/(5 % 02&7(=80% $ G Heptaspira &nd
leptospirosis.Veterinary Microbiology, Geneve, v. 140, n. 3-4,
p. 287-296, 2010.

The analysis of the genes encoding the 16s rR

$+0(' 0 ) 0 (1*(/% (576 . 5 %2(5 1
7KH XQVSHFL¢(¢F FOLQLFDO VV\RAS¥KER \R. R belkidpmaM BnY ukdhdidR ¥ la Yeal-time
and the diversity among the species of ltkptospira PCR for detection of pathogenic Leptospira species in clinical

genus led to limitations in the clinical and laborator{f'3t€"iaisPloS One Cambridge, v. 4, n. 9, p. €7093, 2009.
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