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nosis of leptospirosis by serological and molecular methods are
analyzed.

HISTORICAL ASPECTS

Leptospirosis is a zoonosis of ubiquitous distribution, caused
by infection with pathogenic Leptospira species. The spectrum
of human disease caused by leptospires is extremely wide,
ranging from subclinical infection to a severe syndrome of
multiorgan infection with high mortality. This syndrome, ic-
teric leptospirosis with renal failure, was first reported over 100
years ago by Adolf Weil in Heidelberg (624). However, an
apparently identical syndrome occurring in sewer workers was
described several years earlier (337, 338). Earlier descriptions
of diseases that were probably leptospirosis were reviewed
recently (207, 211). Leptospirosis was certainly recognized as
an occupational hazard of rice harvesting in ancient China
(211), and the Japanese name akiyami, or autumn fever, per-
sists in modern medicine. With hindsight, clear descriptions of
leptospiral jaundice can be recognized as having appeared
earlier in the 19th century, some years before the description
by Weil (211). It has been suggested that Leptospira interrogans
serovar icterohaemorrhagiae was introduced to western Eu-
rope in the 18th century by westward extension of the range of
of Rattus norvegicus from Eurasia (24).

The etiology of leptospirosis was demonstrated indepen-
dently in 1915 in Japan and Germany (207). In Japan, Inada
and Ido detected both spirochetes and specific antibodies in



ies led to the definition of 10 genomospecies of Leptospira
(658). An additional genomospecies, L. kirschneri, was added
later (475). After an extensive study of several hundred strains,
workers at the Centers for Disease Control (CDC) more re-
cently defined 16 genomospecies of Leptospira that included
those described previously (475, 658) and adding five new
genomospecies (81), one of which was named L. alexanderi. An
additional species, L. fainei, has since been described, which
contains a new serovar, hurstbridge (450). DNA hybridization
studies have also confirmed the taxonomic status of the mono-
specific genus Leptonema (81, 474). The genotypic classifica-
tion of leptospires is supported by multilocus enzyme electro-
phoresis data (348), but recent studies suggest that further
taxonomic revisions are likely (348, 462).

The genomospecies of Leptospira do not correspond to the
previous two species (L. interrogans and L. biflexa), and indeed,
pathogenic and nonpathogenic serovars occur within the same
species (Table 2). Thus, neither serogroup nor serovar reliably
predicts the species of Leptospira (Table 3). Moreover, recent
studies (81, 222) have included multiple strains of some sero-
vars and demonstrated genetic heterogeneity within serovars
(Table 4). In addition, the phenotypic characteristics formerly

used to differentiate L. interrogans sensu lato from L. biflexa
sensu lato do not differentiate the genomospecies (81, 658).

The reclassification of leptospires on genotypic grounds is
taxonomically correct and provides a strong foundation for

TABLE 2. Genomospecies of Leptospira and distribution of
serogroupsa

Species Serogroupsb

L. interrogans .........................Icterohaemorrhagiae, Canicola, Pomona,
Australis, Autumnalis, Pyrogenes,
Grippotyphosa, Djasiman,
Hebdomadis, Sejroe, Bataviae,
Ranarum, Louisiana, Mini, Sarmin

L. noguchii .............................Panama, Autumnalis, Pyrogenes,
Louisiana, Bataviae, Tarassovi,
Australis, Shermani, Djasiman,
Pomona

L. santarosai ..........................Shermani, Hebdomadis, Tarassovi,
Pyrogenes, Autumnalis, Bataviae,
Mini, Grippotyphosa, Sejroe, Pomona,
Javanica, Sarmin, Cynopteri

L. meyeri ................................Ranarum, Semaranga, Sejroe, Mini,
Javanica

L. wolbachiic ..........................Codice
L. biflexac ...............................Semaranga, Andamana
L. fainei ..................................Hurstbridge
L. borgpetersenii.....................Javanica, Ballum, Hebdomadis, Sejroe,

Tarassovi, Mini, Celledoni, Pyrogenes,
Bataviae, Australis, Autumnalis

L. kirschneri ...........................Grippotyphosa, Autumnalis, Cynopteri,
Hebdomadis, Australis, Pomona,
Djasiman, Canicola,
Icterohaemorrhagiae, Bataviae,

L. weilii...................................Celledoni, Icterohaemorrhagiae, Sarmin,
Javanica, Mini, Tarassovi,
Hebdomadis, Pyrogenes, Manhao,
Sejroe

L. inadai.................................Lyme, Shermani, Icterohaemorrhagiae,
Tarassovi, Manhao, Canicola,
Panama, Javanica
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future classifications. However, the molecular classification is
problematic for the clinical microbiologist, because it is clearly
incompatible with the system of serogroups which has served
clinicians and epidemiologists well for many years. Until sim-
pler DNA-based identification methods are developed and
validated, it will be necessary for clinical laboratories to retain
the serological classification of pathogenic leptospires for the
foreseeable future. In addition, the retention of L. interrogans
and L. biflexa as specific names in the genomic classification
also allows nomenclatural confusion. In the following pages,
specific names refer to the genomospecies, including L. inter-
rogans sensu stricto and L. biflexa sensu stricto.

Biology of Leptospires

Leptospires are tightly coiled spirochetes, usually 0.1 mm by
6 to 0.1 by 20 mm, but occasional cultures may contain much
longer cells. The helical amplitude is approximately 0.1 to 0.15
mm, and the wavelength is approximately 0.5 mm (213). The
cells have pointed ends, either or both of which are usually
bent into a distinctive hook (Fig. 1). Two axial filaments
(periplasmic flagella) with polar insertions are located in the
periplasmic space (550). The structure of the flagellar proteins
is complex (583). Leptospires exhibit two distinct forms of
movement, translational and nontranslational (60). Morpho-
logically all leptospires are indistinguishable, but the morphol-
ogy of individual isolates varies with subculture in vitro and can
be restored by passage in hamsters (186). Leptospires have a
typical double membrane structure in common with other spi-
rochetes, in which the cytoplasmic membrane and peptidogly-
can cell wall are closely associated and are overlain by an outer
membrane (254). Leptospiral lipopolysaccharide has a compo-
sition similar to that of other gram-negative bacteria (603), but
has lower endotoxic activity (519). Leptospires may be stained
using carbol fuchsin counterstain (211).

Leptospires are obligate aerobes with an optimum growth
temperature of 28 to 30°C. They produce both catalase and
oxidase (530). They grow in simple media enriched with vita-
mins (vitamins B2 and B12 are growth factors), long-chain fatty
acids, and ammonium salts (309). Long-chain fatty acids are
utilized as the sole carbon source and are metabolized by
b-oxidation (530).

Culture Methods

Growth of leptospires in media containing either serum or
albumin plus polysorbate and in protein-free synthetic media
has been described (587). Several liquid media containing rab-
bit serum were described by Fletcher, Korthoff, Noguchi, and
Stuart (587); recipes for these earlier media are found in sev-
eral monographs (24, 213, 548, 634). The most widely used
medium in current practice is based on the oleic acid-albumin
medium EMJH (184, 310). This medium is available commer-
cially from several manufacturers and contains Tween 80 and
bovine serum albumin. Some strains are more fastidious and
require the addition of either pyruvate (312) or rabbit serum
(196) for initial isolation. Growth of contaminants from clinical
specimens can be inhibited by the addition of 5-fluorouracil
(311). Other antibiotics have been added to media for culture
of veterinary specimens, in which contamination is more likely
to occur (8, 413). Protein-free media have been developed for
use in vaccine production (64, 504, 518, 541).

Growth of leptospires is often slow on primary isolation, and
cultures are retained for up to 13 weeks before being dis-
carded, but pure subcultures in liquid media usually grow
within 10 to 14 days. Agar may be added at low concentrations
(0.1 to 0.2%). In semisolid media, growth reaches a maximum
density in a discrete zone beneath the surface of the medium,
which becomes increasingly turbid as incubation proceeds.
This growth is related to the optimum oxygen tension (213)
and is known as a Dinger’s ring or disk (164). Leptospiral
cultures may be maintained by repeated subculture (608) or
preferably by storage in semisolid agar containing hemoglobin
(213). Long-term storage by lyophilization (31) or at 270°C
(20, 432) is also used.

Growth on media solidified with agar has been reported
(494, 587). Colonial morphology is dependent on agar concen-
tration and serovar (582). Media can also be solidified using
gellan gum (496). Solid media have been used for isolation of
leptospires (572), to separate mixed cultures of leptospires,
and for detection of hemolysin production (539).

Molecular Biology

Leptospires are phylogenetically related to other spirochetes
(446). The leptospiral genome is approximately 5,000 kb in size
(52, 669), although smaller estimates have been reported (558,
649). The genome is comprised of two sections, a 4,400-kb
chromosome and a smaller 350-kb chromosome (669). Other
plasmids have not been reported (125, 292). Physical maps
have been constructed from serovars pomona subtype ken-
newicki (669) and icterohaemorrhagiae (74, 552). Leptospires
contain two sets of 16S and 23S rRNA genes but only one 5S
rRNA gene (230), and the rRNA genes are widely spaced (51,
231).

The study of leptospiral genetics has been slowed by the lack

FIG. 1. Scanning electron micrograph of L. interrogans serovar ic-
terohaemorrhagiae strain RGA bound to a 0.2-mm membrane filter.
Reproduced from reference 625a with permission from the publisher.
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tenance hosts of serovar hardjo (192), and infection with this
serovar occurs throughout the world (45, 412, 466). Many
animals are seronegative carriers (192, 267, 571). After infec-
tion, leptospires localize in the kidneys (249, 427, 465, 571,
626) and are excreted intermittently in the urine (189). Serovar
hardjo causes outbreaks of mastitis (196) and abortion (190).
Serovar hardjo is found in aborted fetuses and in premature
calves (188, 194, 238, 268). In addition, hardjo has been iso-
lated from normal fetuses (191), the genital tracts of pregnant
cattle (191), vaginal discharge after calving (193), and the gen-



ease represents only the most severe presentation. Formerly it
was considered that distinct clinical syndromes were associated
with specific serogroups (596). However, this view was ques-
tioned by some authorities (18, 180, 220), and more intense
study over the past 30 years has refuted this hypothesis. An
explanation for many of the observed associations may be
found in the ecology of the maintenance animal hosts in a
geographic region. A region with a richly varied fauna will
support a greater variety of serogroups than will a region with
few animal hosts. In humans, severe leptospirosis is frequently
but not invariably caused by serovars of the icterohaemorrha-
giae serogroup. The specific serovars involved depend largely
on the geographic location and the ecology of local mainte-
nance hosts. Thus in Europe, serovars copenhageni and ictero-
haemorrhagiae, carried by rats, are usually responsible for
infectious, while in Southeast Asia, serovar lai is common.

The clinical presentation of leptospirosis is biphasic (Fig. 2),
with the acute or septicemic phase lasting about a week, fol-
lowed by the immune phase, characterized by antibody pro-
duction and excretion of leptospires in the urine (180, 325,
585). Most of the complications of leptospirosis are associated
with localization of leptospires within the tissues during the



tic meningitis have tended to be younger than those with icteric
leptospirosis (57, 328, 522). In their series of 616 cases, Alston
and Broom (24) noted that 62% of children #14 years old
presented with aseptic meningitis, whereas only 31% of pa-
tients aged 15 to 29 years did so and only 10% of those over 30
years of age. Mortality is almost nil in anicteric leptospirosis
(180), but death resulting from massive pulmonary hemor-
rhage occurred in 2.4% of the anicteric patients in a Chinese
outbreak (615).

The differential diagnosis must include common viral infec-
tions, such as influenza (18), human immunodeficiency virus
seroconversion (290), and, in the tropics, dengue (332, 350,
501), in addition to the bacterial causes of fever of unknown
origin, such as typhoid. Turner (585) provided a comprehen-
sive list of other conditions that may be mimicked by leptospi-
rosis, including encephalitis, poliomyelitis, rickettsiosis, glan-
dular fever (infectious mononucleosis), brucellosis, malaria,
viral hepatitis, and pneumonitis. Hantavirus infections must
also be considered in the differential diagnosis for patients with
pulmonary involvement (32). Petechial or purpuric lesions may



in a series of jaundiced patients in Brazil, only 17% had clinical
evidence of pulmonary involvement, but 33% had radiographic
abnormalities (415). In a large Chinese series, moist rales were
noted in 17% of cases (115). Rales are more common in icteric
than in nonicteric leptospirosis (18). Concurrent hemoptysis
and pulmonary infiltrates on chest radiographs were noted in
12% of 69 nonfatal cases in the Seychelles (659). Cigarette
smoking was reported as a risk factor for the development of
pulmonary symptoms (375).

Radiography generally reveals diffuse small opacities which
may be widely disseminated or which may coalesce into larger
areas of consolidation, with increasing severity of symptoms
(342, 415, 525, 614, 659, 664). Pleural effusions may occur (342,
560). The patchy infiltrates which are commonly seen reflect
areas of intra-alveolar and interstitial hemorrhage (294, 419,
472, 614, 664). Both alveolar infiltrates (OR 7.3) and dyspnea
(OR 11.7) are poor prognostic indicators in severe leptospiro-
sis (172). Similarly, in icteric leptospirosis in Brazil, respiratory
insufficiency (OR 4.6) was associated with death (332).

Cardiac involvement in leptospirosis is common but may be
underestimated. Fatal myocarditis was first described in 1935
(400). Clinical evidence of myocardial involvement, including
abnormal T waves, was detected in 10% of 80 severe icteric
cases in Louisiana (536), while similar electrocardiographic
(ECG) abnormalities were detected in over 40% of patients in
China, India, Sri Lanka, and the Philippines (353, 467, 471,
618), including both icteric and nonicteric cases. However, in a
prospective study in Malaysia, identical ECG changes were
found in patients with either leptospirosis or malaria (445), and
it was concluded that such ECG changes were nonspecific.
Other ECG abnormalities have been reported less frequently
(470). The presence of myocarditis was strongly associated
with the severity of pulmonary symptoms in anicteric Chinese
patients (353). A mortality rate of 54% was reported in severe
leptospirosis cases with myocarditis (341). Repolarization ab-
normalities on ECG were considered a poor prognostic indi-
cator (OR 5.9) in severe leptospirosis cases (172), as were
arrhythmias (OR 2.83) in a Brazilian series (332).

Ocular Involvement

Ocular manifestations of severe leptospirosis were noted in
early reports (622, 624). Conjunctival suffusion is seen in the
majority of patients in some series (377). Conjunctival suffu-
sion in the presence of scleral icterus is said to be pathogno-
monic of Weil’s disease (596). Anterior uveitis, either unilat-
eral or bilateral, occurs after recovery from the acute illness in
a minority of cases (53). Uveitis may present weeks, months, or
occasionally years after the acute stage. Chronic visual distur-
bance, persisting 20 years or more after the acute illness, has
been reported (521).

The incidence of ocular complications is variable, but this
probably reflects the long time scale over which they may
occur. In the United States the incidence was estimated at 3%
(273), while in Romania an incidence of 2% was estimated
between 1979 and 1985 (28). However, in abattoir workers with
evidence of recent leptospirosis, the latter authors reported an
incidence of 40% (28).

In most cases uveitis is presumed to be an immune phenom-
enon, but leptospires have been isolated from human and

equine eyes (16, 209), and more recently, leptospiral DNA has
been demonstrated in aqueous humor by PCR (114, 209, 389).
Late-onset uveitis may result from an autoimmune reaction to
subsequent exposure (211).

Recently, a large cluster of cases of uveitis was reported
from Madurai in southern India following an outbreak of lep-
tospirosis which occurred after heavy flooding (114, 477, 478).
The majority of affected patients were males, with a mean age
of 35 years (477). Eyes were involved bilaterally in 38 patients
(52%), and panuveitis was present in 96% of eyes. Other sig-
nificant ocular findings included anterior chamber cells, vitre-
ous opacities, and vasculitis in the absence of visual deficit
(114).

Other Complications

Acute infection in pregnancy has been reported to cause
abortion (116) and fetal death (122, 214), but not invariably so.
In one of the cases reported by Chung et al. (116), leptospires
were isolated from amniotic fluid, placenta, and cord blood;
the infant was mildly ill and was discharged at 2 weeks of age.
In another case, a neonate developed jaundice and died 2 days
after birth (356). Leptospires were demonstrated in the liver
and kidneys by silver staining, but serological evidence of lep-
tospiral infection in the mother was only obtained 2 weeks
after delivery. Leptospires have been isolated from human
breast milk (116), and in one case serovar hardjo was probably
transmitted from an infected mother to her infant by breast-
feeding (70).

Rare complications include cerebrovascular accidents (224,
346), rhabdomyolysis (133, 374, 537), thrombotic thrombocy-
topenic purpura (336), acute acalculous cholecystitis (44, 401,
600), erythema nodosum (157), aortic stenosis (91), Kawasaki
syndrome (291, 636), reactive arthritis (633), epididymitis
(285), nerve palsy (516, 578), male hypogonadism (437), and
Guillain-Barré syndrome (403). Cerebral arteritis, resembling
Moyamoya disease, has been reported in a series of patients
from China (650).

Chronic or Latent Infection

Anecdotal reports suggest that leptospirosis may induce
chronic symptoms analogous to those produced by other spi-
rochetal infections, such as Lyme disease. However, there is
very little objective evidence to support or disprove this hy-
pothesis. The possibility of chronic human infection was sug-
gested, without evidence of infection other than serology (420).
A single case of late-onset meningitis following icteric lepto-
spirosis has been described (406), in which leptospires were
isolated from both cerebrospinal fluid (CSF) and urine. This
patient exhibited a negligible antibody response to the infect-
ing strain, suggesting the presence of an immune defect.

Of the sequelae of acute leptospirosis described above, uve-
itis is a potentially chronic condition and is a recognized
chronic sequel of leptospirosis in humans and horses. Equine
recurrent uveitis appears to be an autoimmune disease (358,
443), and Faine (211) suggested that late-onset uveitis in hu-
mans may result from an autoimmune reaction to subsequent
exposure. Immune involvement in retinal pathology has been
demonstrated in horses with spontaneous uveitis (318). Lep-
tospires have been isolated from the human eye (16), and more
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recently, leptospiral DNA has been amplified from aqueous
humor (114, 367, 389) of patients with uveitis. In these cases,
uveitis has occurred relatively soon after the acute illness.

One follow-up study of 11 patients with a mean time of 22
years (range, 6 to 34 years) after recovery from acute leptospi-
rosis has been reported (521). Four patients complained of
persistent headaches since their acute illness. Two patients
complained of visual disturbances; both had evidence of past
bilateral anterior uveitis. No biochemical or hematologic ab-
normalities were detected to suggest continuing liver or renal
impairment. No studies to date have attempted to confirm the
persistence of leptospires in the tissues of patients who have
subsequently died of other causes.

Pathology

Leptospirosis is characterized by the development of vasculitis,
endothelial damage, and inflammatory infiltrates composed of
moncytic cells, plasma cells, histiocytes, and neutrophils. On gross
examination, petechial hemorrhages are common and may be
extensive (35), and organs are often discolored due to the
degree of icterus (459). The histopathology is most marked in
the liver, kidneys, heart, and lungs (665), but other organs may
also be affected according to the severity of the individual
infection. The overall structure of the liver is not significantly
disrupted, but there may be intrahepatic cholestasis (35, 169).
Hypertrophy and hyperplasia of Kupffer cells is evident (148),
and erythrophagocytosis has been reported (35, 169). In the
kidneys, interstitial nephritis is the major finding, accompanied
by an intense cellular infiltration composed of neutrophils and
moncytes (447). Leptospires can be seen within the renal tu-
bules (35, 447, 665). By electron microscopy, the tubular cell
brush borders are denuded, the tubular basement membrane is
thickened, and tubular cells exhibit mitochondrial depletion
(147). In addition, minor changes are seen in the glomeruli,
suggesting an anatomical basis for proteinuria in leptospirosis
(147).



disease caused by the homologous serovar or antigenically
similar serovars only. Vaccines must therefore contain serovars
representative of those present in the population to be immu-
nized. Immunization has been widely used for many years as a
means of inducing immunity in animals and humans, with
limited success. Early vaccines were composed of suspensions
of killed leptospires cultured in serum-containing medium, and
side effects were common. Modern vaccines prepared using
protein-free medium are generally without such adverse effects
(64, 113). In developed countries, pigs and cattle are widely
immunized, as are domestic dogs, but in most developing coun-
tries, vaccines which contain the locally relevant serovars are
not available. Most vaccines require booster doses at yearly
intervals.

Most bovine and porcine vaccines contain serovars hardjo
and pomona; in North America, commercial vaccines also con-
tain serovars canicola, grippotyphosa, and icterohaemorrha-
giae. Protection against hardjo infection has been suboptimal,
but one vaccine has recently been shown to offer good protec-
tion (C. A. Bolin, D. P. Alt, and R. L. Zuerner, Abstr. 2nd Int.
Leptospirosis Soc. Meet., 1999. abstr. 18) and induces a cell-
mediated immune response.

Canine vaccines generally contain serovars canicola and ic-
terohaemorrhagiae. Vaccines protect against disease and renal
shedding under experimental conditions (82), but transmission
of serovar icterohaemorrhagiae from immunized dogs to hu-
mans has been reported (221). Moreover, immunized dogs
may be infected with serovars other than those contained in
commercial vaccines (83, 123, 206, 261, 464). A vaccine has
been released recently which includes serovars grippotyphosa
and pomona in addition to the traditional vaccine strains, in
response to the increasing incidence of canine infection with
these serovars.



tospirosis and septicemia, such antibodies are directed against
cryptantigens exposed on damaged platelets and do not play a
causal role in the development of thrombocytopenia (592).
Other autoantibodies have been detected in acute illness, in-
cluding IgG anticardiolipin antibodies (495) and antineutro-
phil cytoplasmic antibodies (127). However, the significance of
antineutrophil cytoplasmic antibodies in the pathogenesis of
vascular injury in leptospirosis has been questioned (1).

Virulent leptospires induce apoptosis in vivo and in vitro
(388, 391). In mice, apoptosis of lymphocytes is elicited by LPS
via induction of tumor necrosis factor alpha (TNF-a) (299).
Elevated levels of inflammatory cytokines such as TNF-a have
been reported in patients with leptospirosis (203).

Surface Proteins

The outer membrane of leptospires contains LPS and sev-
eral lipoproteins (outer membrane proteins [OMPs]) (254).
The LPS is highly immunogenic and is responsible for serovar
specificity (107, 152). An inverse relationship between expres-
sion of transmembrane OMPs and virulence was demonstrated
in serovar grippotyphosa (259). Outer membrane lipoprotein
LipL36 is downregulated in vivo (56) and is not recognized by
the humoral immune response to host-adapted leptospirosis in
hamsters (257). Other OMPs are also downregulated in vivo
(418). Outer membrane components may be important in the
pathogenesis of interstitial nephritis (56, 256). A fibronectin-
binding protein produced only by virulent strains was described
recently (390).

Immunity

Immunity to leptospirosis is largely humoral in nature (7).
Passive immunity can be conferred by antibodies alone (6, 316,
505). A serovar-specific antigen (F4) extracted from LPS (215)
lacked endotoxic activity and induced protective immunity in
rabbits, guinea pigs, and mice (216). A similar antigen (TM),
which inhibited agglutination by homologous antisera (3), was
shown to be distinct from F4 (10) but had a common epitope
(12). Sodium dodecyl sulfate extracts of whole cells induced
production of protective antibody, which was also agglutinating



634). Direct dark-field microscopy of blood is also subject to
misinterpretation of fibrin or protein threads, which may show
Brownian motion (213, 587, 634).

Staining methods have been applied to increase the sensi-
tivity of direct microscopic examination. These have included
immunofluorescence staining of bovine urine (72, 284), water,
and soil (275) and immunoperoxidase staining of blood and
urine (562). A variety of histopathological stains have been



tospiral serovars. After incubation, the serum-antigen mixtures
are examined microscopically for agglutination, and the titers
are determined. Formerly, the method was known as the ag-
glutination-lysis test because of the formation of lysis balls
(506) or lysis globules (596) of cellular debris in the presence
of high-titered antiserum. However, these are tightly aggluti-
nated clumps of leptospires containing live cells and not debris
(586).

Several modifications of earlier methods (124, 235, 549, 634)
led to an MAT method which can be performed and read in
microtiter trays. Protocols for performing the MAT have been
described in detail (17, 210, 322, 548). The MAT is a complex
test to control, perform, and interpret (586). Live cultures of
all serovars required for use as antigens must be maintained.
This applies equally whether the test is performed with live or
formalin-killed antigens. The repeated weekly subculture of
large numbers of strains presents hazards for laboratory work-
ers, and laboratory-acquired infections have been reported (16,
460). Other drawbacks include the continuous risk of cross-
contamination of the antigen cultures, necessitating periodic
verification of each serovar. MAT titers are affected by the
culture medium in which the antigens are grown (409).

The range of antigens used should include serovars repre-
sentative of all serogroups (210, 586) and all locally common
serovars (579). Antibody titers to local isolates are often higher
than titers to laboratory stock strains of serovars within the
same serogroup. It is usual to include one of the serovars of the
nonpathogenic species L. biflexa (276, 557). Such a wide range
of antigens is used in order to detect infections with uncom-
mon or previously undetected serovars (320). Contrary to a
widely held belief, the MAT is a serogroup-specific assay. In
many reports which purport to show serovar specificity, a lim-
ited range of serogroups were tested, each represented by only
a single serovar. Moreover, few studies have attempted to
correlate the presumptive serogroup determined by MAT with
the results of culture. However, the ability of convalescent-
phase MAT titers to predict even the infecting serogroup may
be as low as 40% (P. N. Levett, Abstr. 2nd Int. Leptospirosis



expanded or decreased as required. It is usual to use a titer of
$100 as evidence of past exposure (210). However, conclu-
sions about infecting serovars cannot be drawn without iso-
lates; at best, the MAT data can give a general impression
about which serogroups are present within a population.

Other serological tests. Because of the complexity of the
MAT, rapid screening tests for leptospiral antibodies in acute
infection have been developed (Table 8). Complement fixation
(CF) was widely used (24, 586, 595, 634), but methods were not
standardized. CF was applied to veterinary diagnosis, but spe-
cies-specific differences were noted (488). CF tests have gen-
erally been replaced by ELISA methods (11, 365, 440, 565,
566). IgM antibodies become detectable during the first week
of illness (11, 112, 173, 351, 617), allowing the diagnosis to be
confirmed and treatment initiated while it is likely to be most
effective. IgM detection has repeatedly been shown to be more

sensitive than MAT when the first specimen is taken early in
the acute phase of the illness (140, 484, 632).

IgM antibodies have been detected by ELISA in CSF from
patients with icteric leptospirosis (94). In patients with menin-
gitis without a proven etiology, IgM was detected in the CSF in
15% (522). IgM has been detected in saliva (524), and a dot-
ELISA using polyester fiber was developed to facilitate collec-
tion of saliva directly onto the support material (523).

ELISA methods have been applied in a number of modifi-
cations. An IgM-specific dot-ELISA was developed in which
polyvalent leptospiral antigen was dotted onto nitrocellulose
filter disks in microtiter tray wells, allowing the use of smaller
volumes of reagents. Further modifications of this approach
have been used to detect IgG and IgA in addition to IgM (524)
and have employed an immunodominant antigen (485) and a
polyester fabric-resin support in place of nitrocellulose (523).

FIG. 3. Paradoxical immune response to acute infection with serovar bim, in which the presumptive serogroup (Autumnalis) was identified
during follow-up (a), and copenhageni, in which serogroup Icterohaemorrhagiae was never identified as the predominant serogroup (b).
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A commercial IgM dot-ELISA dipstick has been shown to be
as sensitive as a microtiter plate IgM-ELISA (350a). Another
dipstick assay (253) has been extensively evaluated in several
populations (512, 533, 661). A dot immunoblot assay using
colloidal gold conjugate allowed completion of the assay within
30 min (455).

In contrast to the applications of ELISA for diagnosis of
human infection, in which broadly reactive assays are generally
desirable and few serovar-specific assays have been developed
(395), veterinary applications have been directed towards de-
tection of serovar-specific antibodies, particularly for detection
of infection in food animals. ELISA methods have described
for detection of serovar pomona (134, 573) and hardjo (5, 58,
573, 653) infection in cattle and hardjo in sheep (9). Several
assays are available commercially for serodiagnosis of bovine
hardjo infection and have been evaluated (642). IgM detection
by ELISA has also been applied to canine diagnosis (264, 265,
623).

A macroscopic slide agglutination test was described in
which 12 serovars were combined into four pools for the rapid
screening of sera from humans and animals (234). Despite the
use of an expanded antigen range, false-negative results were
reported for sera from populations in areas of endemic lepto-
spirosis (635). Several modifications of this test have used a
single serovar antigen, usually serovar patoc (76, 364, 369,
621). Some studies have reported that the patoc slide test is
insensitive (369, 546, 616), but a commercial slide agglutina-
tion assay was recently found to be as sensitive and specific as
an IgM-ELISA while remaining reactive for a shorter time
after recovery than either the IgM-ELISA or the MAT (77).

A number of methods using sensitized red blood cells have
been described. The extraction of an erythrocyte-sensitizing
substance led to the development of both a hemolytic assay
requiring complement (135, 136) and a hemagglutination assay
(383, 547), and a number of modifications of the latter have
been described (295, 499). These assays detect both IgM and
IgG antibodies (351, 431). The indirect hemagglutination assay
(IHA) developed at CDC (547) was shown to have a sensitivity



quences were the least specific, and none of the methods was
100% sensitive. A combination of two detection methods cho-
sen from PCR, immunofluorescence, and culture was the most
sensitive.

A limitation of PCR-based diagnosis of leptospirosis is the
inability of most PCR assays to identify the infecting serovar.
While this is not significant for individual patient management,
the identity of the serovar has significant epidemiological and
public health value. Strategies designed to overcome this ob-
stacle have included restriction endonuclease digestion of PCR
products (85, 502), direct sequencing of amplicons (424), and
single-strand conformation analysis (SSCP) (380, 647). Lepto-
spiral genomospecies but not individual serovars can be differ-
entiated following PCR by electrophoresis in nondenaturing
polyacrylamide gels, followed by silver staining (424), without



primers is their use under low-stringency conditions, generat-
ing a mixture of specific and nonspecific products (150). Under
these conditions, the G1 and G2 primers amplify all species,
including L. biflexa. Polymorphisms were detected which al-
lowed discrimination of serovars with the exception of closely
related serovars, including copenhageni and icterohaemorrha-
giae (85, 150).

The presence of multiple copy insertion sequences has been
exploited for serovar identification (481, 502, 670, 671). Meth-
ods based on IS1533 have limited application because of the
absence of this insertion sequence in L. interrogans (sensu
stricto) and L. noguchii (481, 670). By amplifying the sequences
between adjacent copies of IS1500, numerous genetic sub-
groups within serovar pomona type kennewickii were distin-
guished (671).

RFLP analysis of PCR-amplified 16S and 23S rRNA genes
allowed the grouping of 48 serovars into 16 mapped restriction
site polymorphism profiles (469). Using this approach, the
genomospecies of Leptospira could be identified, and the ge-
notypes hardjobovis and hardjoprajitno of serovar hardjo were
clearly distinguished (453). The method was simplified to yield
only five profiles by using a single restriction enzyme (638).
One of the potential advantages of this RFLP approach is the
ability to amplify leptospiral DNA from clinical material and to
identify the infecting serovar or genomospecies rapidly in the
absence of an isolate. Other workers have used primers that
amplify only a restricted range of serovars (85, 502), limiting
the utility of the approach unless several primer sets are used
(85).

DNA fingerprinting using arbitrary primers (625, 629) has
been studied extensively (85, 128, 129, 237, 453, 469), using
different primers and conditions. Direct comparison between
the results of these studies is therefore impossible, but it is
clear that reproducibility is difficult to achieve without absolute
standardization of experimental procedure. Profiles are af-
fected markedly by the primer used, the quantity and quality of
the DNA template (128, 380, 599), and the electrophoresis
conditions (129). The greatest value of arbitrary primer tech-
niques lies in their ability to differentiate between isolates
when the range of potential serovars is limited, allowing rapid
identification of freshly isolated strains (85, 128, 237). Arbi-
trary-primed PCR was used to derive species-specific probes
for identification of L. interrogans (sensu stricto), L. borg-
petersenii, and L. kirschneri by dot blotting (347). A cluster of
43 L. interrogans sensu strico isolates from a number of Bra-
zilian outbreaks were shown to have identical arbitrary-primed
PCR fingerprints (449) despite the inclusion of isolates of
serovars copenhageni and canicola.

CONCLUSION

The etiology and epidemiology of leptospirosis have been
understood for many years, and this knowledge has led to the
development of effective preventive strategies. In developed
countries, leptospirosis continues to be a disease of consider-
able economic significance in animal husbandry, but the major
burden of human disease remains in tropical and subtropical
developing countries. Several recent outbreaks of leptospirosis
have drawn attention to the potential effects of climate change
and human activity on the incidence of the disease and the

broad spectrum of clinical manifestations. The development of
several promising approaches to rapid diagnosis has been
based largely on the recognition that early initiation of antibi-
otic therapy is important in acute disease, but also on the need
for simpler assays which can be used more widely. However,
many of these diagnostic advances will be unavailable to those
populations for which they would be most useful. At a more
fundamental level, understanding of the mechanisms of patho-
genesis remains incomplete, but recent advances in the molec-
ular biology of leptospires offer the prospect of more rapid
progress in the future.
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