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Leptospirosis is a febrile zoonosis of worldwide distribution. A latex agglutination assay was evaluated in two
studies, the first using a panel of well-characterized sera from patients with leptospirosis and from patients
with other disease states and the second, a prospective hospital-based study, evaluating sera from 186
consecutive patients admitted to hospital with acute febrile illness. The confirmed leptospirosis serum panel
included paired acute- and convalescent-phase specimens from 40 cases, of which 34 gave positive latex tests
(case sensitivity, 85%; 95% confidence interval [95% CI], 70 to 94%). The other diseases represented in the
panel of 112 specimens from nonleptospirosis patients included autoimmune diseases, brucellosis, dengue,
melioidosis, malaria, syphilis, toxoplasmosis, viral hepatitis, and a number of other viral infections. The
specificity of latex agglutination using this panel was 81% (95% CI, 73 to 87%). Among the patients with
acute febrile illness, there were 25 cases of leptospirosis and 161 patients with other diagnoses. The sensitivity
and specificity of latex agglutination in this group were 88% (95% CI, 72 to 97%) and 98% (95% CI, 95 to 100%),
respectively. In this evaluation, the two distinct groups of specimens gave similar results for sensitivity, but
specificity was different in each study. The sensitivity and specificity observed for the hospital study were
similar to those obtained in evaluations of other rapid tests in the same population. The results of this study
suggest that multiple evaluations of new diagnostic assays should be performed, because performance characteristics may vary in different populations.
Two groups of specimens were studied. The first was comprised of banked serum specimens collected from patients with
leptospirosis and other diseases, used in a previous study (3).
The serum panel included paired acute- and convalescentphase specimens from 40 cases of leptospirosis and 112 specimens from nonleptospirosis patients with a variety of diagnoses, including autoimmune diseases, brucellosis, dengue,
melioidosis, malaria, syphilis, toxoplasmosis, viral hepatitis,
and a number of other viral infections. Each case specimen was
from a patient who had clinical disease consistent with leptospirosis and at least one of the following results: a positive
leptospiral culture, a positive immunohistochemistry test on
tissue samples, or a fourfold or greater antibody titer between
paired sera by MAT.
The second group of samples was obtained from consecutive
patients admitted to the Queen Elizabeth Hospital, Bridgetown, Barbados, between June 2001 and October 2003 with a
history and clinical manifestations suggestive of leptospirosis.
On the day of admission, blood samples for serology were
collected and blood cultures were made by inoculating three
drops of blood into 10 ml polysorbate medium at the patient’s
bedside (PLM-5; Intergen Co., Purchase, NY). Urine from
patients who were not anuric on the fourth day of their admission was inoculated into the same medium within 1 hour of
collection. On the fourth day after admission, and for some
patients before discharge from the hospital or at a follow-up
visit to the outpatient clinic, a convalescent-phase sample was
taken. All testing of the Barbados patient specimens was done
at the Barbados Leptospira Laboratory. The diagnosis of leptospirosis was confirmed by a fourfold rise in titer between two

Leptospirosis is an acute febrile disease, widely recognized
as being emerging or reemerged (5, 13). In tropical and subtropical regions, the disease is endemic and exposure is widespread (8, 11, 22). In temperate climates, the disease is primarily one of occupational or recreational exposure (12), as
evidenced by a large outbreak in the United States associated
with swimming during a triathlon (17). The mortality rate in
severe leptospirosis can be as high as 15% (11); early diagnosis
is essential if antibiotic treatment is to be effective.
Leptospirosis is frequently underdiagnosed because of the
nonspecific symptoms early in the disease and the difficulty of
performing both culture and the reference serological test, the
microscopic agglutination test (MAT). Detection of immunoglobulin M (IgM) antibodies by enzyme-linked immunosorbent assay (ELISA) has been used widely (1, 21) and is more
sensitive than the MAT (6). However, the MAT remains the
gold standard due to difficulties in interpretation of IgM results, especially in areas where leptospirosis is endemic. Several rapid methods for antibody detection, which detect genusspecific antibodies, either IgM (3, 19, 23) or both IgG and IgM
(2–4, 16), are now available commercially. The reported sensitivities of these assays range from 87 to 100%. In this study,
we evaluated a latex agglutination assay for the detection of
anti-Leptospira IgM antibodies which can be used in laboratories with little specialized equipment.
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TABLE 1. Sensitivity and specificity of the latex agglutination assay
Latex assay result (95% CI)
Group of
specimens

Banked specimen
panel
Barbados patients

MAT %
sensitivity
for
acute-phase
specimens
(95% CI)

% Case
sensitivity

%
Specificity

% Sensitivity
for
acute-phase
specimens

85 (70–94)

81 (73–87)

40 (25–57)

23 (11–38)

88 (72–97)

98 (95–100)

52 (31–72)

40 (21–61)

Group of
specimens

Condition or discharge
diagnosis of patienta

No. of specimens
from patients
with condition
or diagnosis

No. (%) of
specimens
positive by
latex assay

Banked
specimen
panel

Meningococcal disease
HIV
Toxoplasmosis
Legionellosis
Brucellosis
Syphilis
Viral hepatitis
Malaria
Melioidosis
Dengue
ANCA
ANA
Hantaviral infection
Lyme disease
Cytomegalovirus
Epstein-Barr virus

1
6
2
1
6
8
16
8
5
24
8
9
5
5
4
4

0
0
0
0
1 (16.7)
0
9 (56.3)
4 (50.0)
1 (20.0)
2 (8.3)
1 (12.5)
3 (33.3)
0
1 (20.0)
2 (50.0)
1 (25.0)

Barbados
prospective
hospital-based
study

Aseptic meningitis
Bacterial sepsis
Toxoplasmosis
Atypical pneumonia
Obstructive jaundice
Alcoholic hepatitis
Viral hepatitis
Rhabdomyolysis
Gastroenteritis
Dengue
Hematologic conditions
Guillain-Barré syndrome
Undifferentiated viral illness
Toxic shock syndrome
Bacterial endocarditis
Others (medical/surgical)

1
13
2
4
4
3
17
2
6
11
6
1
15
1
1
21

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3 (14.3)

a
HIV; human immunodeficiency virus; ANCA, antinuclear antibodies; ANA,
antineutrophil cytoplasmic antibodies.

agglutination results were obtained in 22/25 cases. Case sensitivity was 88% (95% CI, 72 to 97%), and specificity was 98%
(95% CI, 95 to 100%). There were 25 confirmed cases of
leptospirosis and 161 patients with other diagnoses in the Barbados hospital studies. The discharge diagnosis was available
for 108 of these 161 patients (Table 2) and included acute viral
hepatitis, undifferentiated viral illness, bacterial sepsis, dengue
and dengue hemorrhagic fever, gastroenteritis, hematologic
conditions, and a number of other medical and surgical conditions. Three false-positive latex agglutination results were
from patients with viral encephalitis, jaundice of unknown origin, and pyrexia of unknown origin. The positive predictive
value of the latex agglutination test in this population was 88%,
and the negative predictive value was 98%.
When acute-phase serum specimens alone were tested, positive latex agglutination results were obtained from 16/40
(40%; 95% CI, 25 to 57%) specimens in the serum panel and
from 13/25 (52%; 95% CI, 31 to 72%) specimens in the prospective hospital study (Table 1). The latex agglutination assay
was more sensitive for acute-phase samples than the MAT,
which was positive in 23% (9/40; 95% CI, 11 to 38%) of the
serum panel and 40% (10/25; 95% CI, 21 to 61%) of the
Barbados patient specimens.
In this evaluation, the two distinct groups of specimens gave
similar results for sensitivity, but specificity was different in
each study. The specificity of the latex assay for the serum
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sera tested by the same method, an initial titer of ⱖ800 in the
MAT, an IgM titer of ⱖ160 in the ELISA, or a positive culture
from blood or urine (9). Diagnoses for the nonleptospirosis
cases were obtained from patients’ records following discharge
from the hospital.
IgG and IgM titers were determined by ELISA as previously
described (21), using the strain Patoc I (serovar Patoc) as the
antigen. An IgM titer of ⱖ160 was regarded as positive. Sera
were examined by the MAT, using a panel of 22 serovars to
establish seroconversion or a rise in titer (10). The antigens
used included both reference strains and locally prevalent serovars of the following serogroups (serovars are in parentheses): Australis (Bajan, Barbadensis, Bratislava), Autumnalis
(Bim, Fortbragg), Ballum (Arborea, Ballum), Bataviae (Bataviae,
Brasiliensis), Canicola (Canicola), Cynopteri (Cynopteri), Grippotyphosa (Grippotyphosa), Icterohaemorrhagiae (Copenhageni), Mini (Georgia), Panama (Mangus, Panama), Pomona
(Pomona), Pyrogenes (Pyrogenes), Tarassovi (Tarassovi), Sejroe
(Hardjo, Sejroe), and Semaranga (Patoc).
All specimens from leptospirosis cases and nonleptospirosis
cases described above from both the banked panel and the
Barbados hospital studies were tested by latex agglutination
test. The latex agglutination tests were manufactured using a
broadly reactive, heat-stable antigen composed of serovar
Hardjo strain Lely 607 (20). Latex tests were obtained from
the manufacturer (Organon Teknika B.V., Durham, NC) and
were used according to the manufacturer’s recommendations.
Briefly, 10 l of serum was added to the dried reagent spot on
a card and mixed with a plastic stirrer. The card was rocked
gently for a total of 30 s, and the results were read. Any
specimen that showed agglutination was recorded as positive,
and no agglutination was recorded as negative. Positive and
negative controls were tested on each day.
The sensitivity and specificity of the latex assay were determined and 95% confidence intervals (95% CI) calculated using
the standard normal distribution formula for proportions (18).
Sensitivity was calculated for paired-case sera and acute-case
sera only. The sensitivity of the latex assay to detect a case was
defined as the percentage of the leptospirosis cases that were
correctly identified by the assay based on a positive result from
one or more specimens. Predictive value of positive and negative results was calculated for the Barbados patients only,
since samples were from the same population.
Paired acute- and convalescent-phase banked serum panel
specimens from 34 of the 40 cases of leptospirosis were positive
(case sensitivity, 85%; 95% CI, 70 to 94%), and 21 of the 112
specimens from nonleptospirosis cases were also positive, resulting in a specificity of 81% (95% CI, 73 to 87%) (Table 1).
In the prospective hospital study in Barbados, positive latex

TABLE 2. Latex assay reactivity with nonleptospirosis
case specimens

VOL. 44, 2006

NOTES

REFERENCES
1. Adler, B., A. M. Murphy, S. A. Locarnini, and S. Faine. 1980. Detection of
specific anti-leptospiral immunoglobulins M and G in human serum by
solid-phase enzyme-linked immunosorbent assay. J. Clin. Microbiol. 11:452–
457.

2. Arimitsu, Y., K. Fukumura, and Y. Shintaki. 1989. Distribution of leptospirosis among stray dogs in the Okinawa Islands, Japan: comparison of the
microcapsule and microscopic agglutination tests. Br. Vet. J. 145:473–477.
3. Bajani, M. D., D. A. Ashford, S. L. Bragg, C. W. Woods, T. Aye, R. A. Spiegel,
B. D. Plikaytis, B. A. Perkins, M. Phelan, P. N. Levett, and R. S. Weyant.
2003. Evaluation of four commercially available rapid serologic tests for
diagnosis of leptospirosis. J. Clin. Microbiol. 41:803–809.
4. Brandão, A. P., E. D. Camargo, E. D. da Silva, M. V. Silva, and R. V. Abrão.
1998. Macroscopic agglutination test for rapid diagnosis of human leptospirosis. J. Clin. Microbiol. 36:3138–3142.
5. Brandling-Bennett, A. D., and F. Pinheiro. 1996. Infectious diseases in Latin
America and the Caribbean: are they really emerging and increasing?
Emerg. Infect. Dis. 2:59–61.
6. Cumberland, P. C., C. O. R. Everard, and P. N. Levett. 1999. Assessment of
the efficacy of the IgM enzyme-linked immunosorbent assay (ELISA) and
microscopic agglutination test (MAT) in the diagnosis of acute leptospirosis.
Am. J. Trop. Med. Hyg. 61:731–734.
7. Cumberland, P. C., C. O. R. Everard, J. G. Wheeler, and P. N. Levett. 2001.
Persistence of anti-leptospiral IgM, IgG and agglutinating antibodies in
patients presenting with acute febrile illness in Barbados 1979–1989. Eur. J.
Epidemiol. 17:601–608.
8. Douglin, C. P., C. Jordan, R. Rock, A. Hurley, and P. N. Levett. 1997. Risk
factors for severe leptospirosis in the parish of St. Andrew, Barbados. Emerg.
Infect. Dis. 3:78–80.
9. Edwards, C. N., G. D. Nicholson, T. A. Hassell, C. O. R. Everard, and J.
Callender. 1990. Leptospirosis in Barbados: a clinical study. West Indian
Med. J. 39:27–34.
10. Faine, S. 1982. Guidelines for the control of leptospirosis. World Health
Organization, Geneva, Switzerland.
11. Ko, A. I., M. Galvao Reis, C. M. Ribeiro Dourado, W. D. Johnson, L. W.
Riley, and the Salvador Leptospirosis Study Group. 1999. Urban epidemic
of severe leptospirosis in Brazil. Lancet 354:820–825.
12. Levett, P. N. 2001. Leptospirosis. Clin. Microbiol. Rev. 14:296–326.
13. Levett, P. N. 1999. Leptospirosis: re-emerging or re-discovered disease?
J. Med. Microbiol. 48:417–418.
14. Levett, P. N., and S. L. Branch. 2002. Evaluation of two enzyme-linked
immunosorbent assay methods for detection of immunoglobulin M antibodies in acute leptospirosis. Am. J. Trop. Med. Hyg. 66:745–748.
15. Levett, P. N., S. L. Branch, C. U. Whittington, C. N. Edwards, and H. Paxton.
2001. Two methods for rapid serological diagnosis of acute leptospirosis.
Clin. Diagn. Lab. Immunol. 8:349–351.
16. Levett, P. N., and C. U. Whittington. 1998. Evaluation of the indirect hemagglutination assay for diagnosis of acute leptospirosis. J. Clin. Microbiol.
36:11–14.
17. Morgan, J., S. L. Bornstein, A. M. Karpati, M. Bruce, C. A. Bolin, C. C.
Austin, C. W. Woods, J. Lingappa, C. Langkop, B. Davis, D. R. Graham, M.
Proctor, D. A. Ashford, M. Bajani, S. L. Bragg, K. Shutt, B. A. Perkins, and
J. W. Tappero. 2002. Outbreak of leptospirosis among triathlon participants
and community residents in Springfield, Illinois, 1998. Clin. Infect. Dis.
34:1593–1599.
18. Motulsky, H. 1995. Intuitive biostatistics. Oxford University Press, New
York, N.Y.
19. Smits, H. L., Y. V. Ananyina, A. Chereshsky, L. Dancel, R. F. M. Lai-A-Fat,
H. D. Chee, P. N. Levett, T. Masuzawa, Y. Yanagihara, M. A. Muthusethupathi,
E. J. Sanders, D. M. Sasaki, H. Domen, C. Yersin, T. Aye, S. L. Bragg, G. C.
Gussenhoven, M. G. A. Goris, W. J. Terpstra, and R. A. Hartskeerl. 1999.
International multicenter evaluation of the clinical utility of a dipstick assay
for detection of Leptospira-specific immunoglobulin M antibodies in human
serum specimens. J. Clin. Microbiol. 37:2904–2909.
20. Smits, H. L., M. A. W. G. van der Hoorn, M. G. A. Goris, G. C. Gussenhoven,
C. Yersin, D. M. Sasaki, W. J. Terpstra, and R. A. Hartskeerl. 2000. Simple
latex agglutination assay for rapid serodiagnosis of human leptospirosis.
J. Clin. Microbiol. 38:1272–1275.
21. Terpstra, W. J., G. S. Ligthart, and G. J. Schoone. 1985. ELISA for the
detection of specific IgM and IgG in human leptospirosis. J. Gen. Microbiol.
131:377–385.
22. Trevejo, R. T., J. G. Rigau-Perez, D. A. Ashford, E. M. McClure, C. JarquinGonzalez, J. J. Amador, J. O. de los Reyes, A. Gonzalez, S. R. Zaki, W. J.
Shieh, R. G. McLean, R. S. Nasci, R. S. Weyant, C. A. Bolin, S. L. Bragg,
B. A. Perkins, and R. A. Spiegel. 1998. Epidemic leptospirosis associated with
pulmonary hemorrhage—Nicaragua, 1995. J. Infect. Dis. 178:1457–1463.
23. Winslow, W. E., D. J. Merry, M. L. Pirc, and P. L. Devine. 1997. Evaluation
of a commercial enzyme-linked immunosorbent assay for detection of immunoglobulin M antibody in diagnosis of human leptospiral infection.
J. Clin. Microbiol. 35:1938–1942.

Downloaded from http://jcm.asm.org/ on September 18, 2020 by guest

panel was significantly lower than that for the clinical study in
Barbados. Three of the false-negative cases from the banked
serum panel were from a point source outbreak among triathletes (17). Specimens from this outbreak also showed lower
sensitivity in a larger study of several other rapid diagnostic
assays (3). Isolates from this outbreak have been characterized
as serovar Grippotyphosa (17), which may indicate a lack of
sensitivity of rapid tests for antibodies against this serovar.
Among other disease states, false-positive results occurred
most frequently with samples from patients with viral hepatitis,
malaria, and autoimmune diseases.
The performance of the latex assay in the Barbados cases
was similar to that of other rapid tests in this population (15,
16, 19). As we have observed previously, sensitivity was considerably reduced when acute-phase serum specimens (Table
1), collected 4 to 5 days after onset of symptoms, were analyzed
(14–16). These specimens are collected at or about the time of
seroconversion, and the MAT is also invariably negative in
most cases at this time (3, 6).
The results of this study emphasize the need to evaluate
assays for use with different populations. The construction of
test panels using archived sera facilitates the testing of new
assays against a wide range of disease states, which may not be
possible in a single population. However, the specificity obtained in such studies may not reflect the performance of the
assay in clinical studies conducted in diverse locations. This is
particularly true for a disease with a wide spectrum of symptoms like leptospirosis, because the differential diagnosis is
extremely broad and geographically variable.
Moreover, the incidence of diseases with similar symptoms is
also subject to geographical variation. In addition to variation
in the differential diagnosis, geographic variation in infecting
serovars is significant, as serological tests may show variable
sensitivities with different serovars, further emphasizing the
need for multicenter evaluations (19). Studies conducted with
consecutive clinical cases are also valuable in determining the
usefulness of an assay for a given population based on predictive value calculations. The persistence of the antibody response detectable by the latex agglutination assay is unknown.
However, other IgM assays have been shown to detect antibodies for long periods after infection (7).
Overall, the latex agglutination test for serologic diagnosis of
leptospirosis performed well. This assay has several potential
advantages, which include its simplicity and portability, limited
amount of generated biomedical waste, and prolonged shelf
life at ambient temperatures ranging from 2°C to 45°C. The
test can be used in resource-poor settings, by investigators with
only limited training. Given the high specificity of the latex
assay, its ability to detect more cases using acute-phase sera
only, and its ease of use, this would be an appropriate test for
use in field studies, particularly in outbreak investigations.
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