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The authors evaluated a simple latex agglutination test for the serodiagnosis of acute human lep-
tospirosis. A total of 380 serum samples from 85 confirmed leptospirosis patients and 202 non-leptospirosis
patients were selected. Using the selected cut-off value of weakly positive, the overall sensitivity and overall
specificity of the test were 94.1% and 97.0% respectively. The weighted kappa value for agreement reading
between two independent examiners was 0.82. When focused on the first sera obtained from the patients, the
sensitivity of the test for acute infection sera was only 17.6%. The latex agglutination test is easy to perform
with no need for training and no requirement of special equipment. The assay has a good sensitivity and

specificity. This is an interesting alternative assay for serodiagnosis of acute human leptospirosis.
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Leptospirosis is a zoonosis with a worldwide
distribution, caused by Leptospira interrogans®. As
the clinical symptoms and signs of leptospirosis often
are nonspecific, the disease is easily mistaken for other
acute febrile illnesses including dengue fever, scrub
typhus, and murine typhus?®, Laboratory testing to
confirm the clinical diagnosis is essential for optimal
treatment and patient management. The laboratory
diagnosis of leptospirosis mainly depends on culture®
and serological method for detection of specific anti-
body®. Both culture and the reference method, micro-
scopic agglutination test (MAT), seem to be laborious
as well as expensive. Several methods for detecting
specific IgM antibody including, enzyme-linked
immunosorbent assay (ELISA)®", Dipstick®, indirect
immunofluorescent assay® are widely used and some
of them are now available commercially. None of these
tests are easy to perform, all require special and expen-
sive equipment and can be used only by trained
personnel. Thus, there is a need to develop a conven-
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tional method that is rapid, simple with high sensitivity
and specificity and that can be used in small health
centers or in developing countries where expensive
equipment is lacking. In the present study the authors
evaluated a simple latex agglutination test for detect-
ing leptospiral antibodies for use as a rapid diagnostic
method with no requirement for specialized equipment.

Material and Method
Study populations

Serum samples were obtained from patients
admitted to Songklanagarind and Hat Yai Hospitals.
These are two major tertiary teaching hospitals serv-
ing the 200,000 inhabitants of Hat Yai city which is 930
kilometers to the south of Bangkok in Thailand. One
hundred and seventy-eight sera from 85 patients who
had an acute fever of >38 C for more than 1 day but
not more than 3 weeks were collected. Exclusion crite-
ria were the presence of profuse rhinorrhea, exudative
pharyngitis, pneumonia, urethritis and diarrhea. All sera
were assayed for leptospiral antibody by the micro-
scopic agglutination test (MAT). Only those sera from
patients with at least two separate serum samples that
showed a four-fold or greater increase in MAT titer
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were included in the present study. In addition, the
background of leptospiral antibody was determined
from 100 healthy blood donors, 20 patients with syphi-
lis (fluorescent treponema antibody-absorbed test with
positive result of 3+ to 4+), 20 patients with anti-nuclear
antibody IFA positive titer 1:1,280 and 62 patients with
diseases commonly confused with leptospirosis. These
patients consisted of 20 with scrub typhus (IFA titer
against Orientia tsutsugamuchi > 1:400)19, 22 with
murine typhus (IFA titer against Rickettsia typhi >
1:400)“? and 20 with dengue fever (hemagglutination
inhibition antibody titer against dengue virus >
1:2,560). All sera were keptat-80 C until used.

Antigen preparation

Leptospires of serovar Bataviae were grown
in neopeptone liquid medium (Difco Laboratories, USA)
which contained 10% young rabbit serum (Biochrom
AG, Germany). Cultures were kept at room temperature
for 5-7 days. The organisms were observed using dark
field microscopy (OLYMPUS model BH-2). Leptospiral
cultures of approximately 3+ to 4+ with active move-
mentand no clumping were suitable for use. After wash-
ing leptospires with phosphate buffered saline twice
by centrifugation at 10,000 g at4 C for 10 minutes each,
leptospires were sonicated in an ice bath at a setting
of 20 kHz, for 30 seconds each time and a total time of
5 minutes. Aliquots of the sonic extract were stored at
-80 C

Microscopic agglutination test (MAT)

MAT was performed with a panel of live lepto-
spires as previously described by Galton et al®. The
panel consisted of the following 23 serovars: Austra-
lis, Ballico, Bratislava, Akayami, Rachamati, Bataviae,
Canicola, Cellidoni, Djasiman, Grippotyphosa,
Hebdomadis, Hyos, Tarassovi, Icterohemorrhagiae,
Copenhageni, Javanica, Saigon, Pomona, Pyrogenes,
Sejroe, Hardjo, Wolffi and Andamana. An agglutina-
tion was performed in a microtiter plate at a serum dilu-
tion starting at 1:100 by adding 25 ul of 1:50 diluted
serum and 25 ul of each live leptospira serovar. The
mixtures were then mixed gently. After leaving at room
temperature for 2-3 hours, 3 ul of the suspension was
dropped on to a slide. The agglutination was observed
using dark field microscopy (OLYMPUS model BH-2)
at a final magnification of 100X. Any serum specimen
giving a positive reaction was then retested against
the relevant serovars to determine the endpoint titer
which was the highest dilution giving more than 50 per
cent agglutination of leptospires.
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Latex agglutination assay

After washing carboxylated-modified poly-
stylene latex beads (Sigma-Aldrich, USA) with phos-
phate buffer saline pH 7.2, an optimal concentration of
sonicated leptospiral antigen was adsorbed to the
latex particles for 1 hour. Antigen coated latex particles
were then washed 3 times with phosphate buffered
saline pH 7.2 then resuspended to give a 3% latex sus-
pension in 0.5% bovine serum albumin in phosphate
buffered saline. The test was performed by placing 5 pl
of serum sample on a white agglutination card. Subse-
quently, the serum was mixed with an equal volume of
coated latex particles. The card was rotated gently for 5
min and read for the aggregation of the latex particles
on the scale 0 to 3+. Positive and negative controls
were included with every batch tested.

Statistical analysis

The sensitivity, specificity, false positive rate,
false negative rate, negative predictive value and posi-
tive predictive value of the assays were calculated
according to the method described by Griner®®. The
weighted kappa statistical value for agreement between
the reading from two different examiners and the
receiver operating characteristic (ROC) curves that
plotted between true positive versus false positive
rates were determined using the Statistical Packages
for the Social Science release 9.05 (SPSS, Chicago,
USA).

Results

A total of 380 serum samples from 85 MAT
confirmed leptospirosis patients and 202 non-lepto-
spirosis patients were evaluated using the latex agglu-
tination test for diagnosis of acute human leptospiro-
sis. Using ROC analysis, the sensitivity and specificity
of the latex agglutination test was 94.1% and 97.0%,
respectively at the selected cut-off point of weakly
positive. The area under ROC of the test was 0.97 and
the weighted kappa value was 0.82. However, the overall
sensitivity and overall specificity are shown in Table 1.
When acute phase sera from patients diagnosed with
leptospirosis was considered, the sensitivity of the first
sera obtained from the patients was only 17.6%. The
cross reaction assessment was performed with serum
from healthy blood donors, patients with confirmed
syphilis, auto immune disease and various diseases
commonly confused with leptospirosis such as scrub
typhus, murine typhus and dengue fever. The back-
grounds of leptospiral antibody by latex agglutination
are shown in Table 2. When using a cut-off value of
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Table 1. The sensitivity and specificity of the latex agglu

tination test for diagnosis of acute human leptospirosis

Cut-off value Overall % Overall % Sensitivity of the first %
sensitivity* specificity** sera obtained from patients*

Positive 3+ 2/85 2.4 202/202 100.0 0/85 0.0

Positive 2+ 28/85 329 202/202 100.0 2/85 2.4

Positive 1+ 77185 90.6 201/202 99.5 13/85 15.3

Weakly positive 80/85 94.1 196/202 97.0 15/85 17.6

Negative 85/85 100.0 0/202 0.0 85/85 100.0

* No of positive sera/No of sera tested
** No of negative sera/No of sera tested

Table2. The background of leptospiral antibody by latex agglutination test for diagnosis of acute human

leptospirosis

Agglutination result

Negative control group (n)

Healthy blood Scrub Murine Dengue fever Syphilis ANA
donors typhus typhus positive sera
Negative 99 17 21 19 20 20
Weakly positive 1 2 1 1 0 0
Positive 1+ 0 1 0 0 0 0
Positive 2+ 0 0 0 0 0 0
Total 100 20 22 20 20 20

Note: ANA = anti nuclear antibody

Table 3. The statistical performances of the latex agglu-
tination test for diagnosis of acute human
leptospirosis

Statistical values Percent (%)
Sensitivity 94.1
Specificity 97.0
False positive rate 3.0
False negative rate 5.9
Positive predictive value 93.0
Negative predictive value 97.5
Accuracy 96.2

weakly positive, the statistical performances of the
latex agglutination test are summarized in Table 3.

Discussion

The antigen used for coating the latex par-
ticles was prepared from Leptospira interrogans serovar
Bataviae while the antigens used in the commercial kits
for detecting leptospiral antibody were extracted
from Leptospira biflexa serovar Patoc which is a non-
pathogenic serovar and has broad cross reactivity. A
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previous study reported that the use of antigen from
the most common infective serovar for the tests in
endemic areas was more sensitive and the reaction
between patients’ sera and the antigen was stronger
than when antigen from a nonpathogenic serovar was
used®. In the present study, the authors used soni-
cated antigen from serovar Bataviae because this
serovar is the most common in Thailand, especially in
the southern region of Thailand where the study site
was located®. Another study in Thailand used anti-
gen from serovar Pyrogenes®® which is most common
in the north-eastern region of Thailand®”.

The reading results from two independent
observers showed almost perfect agreement with a
weighted kappa statistical value of 0.82. This indicated
that no special training was required to perform the
latex agglutination test. Most reading scores given by
the two observers were the same for any patients’ sera
and no result of any serum differed by more than one
dilution.

In the present study the sensitivity of the
latex agglutination test was relatively high. Using the
selected cut-off value of weakly positive, the overall
sensitivity of the test was 94.1%. This was higher than
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found in previous studies from multicenters in 4 coun-
tries. These gave a mean sensitivity of 82.3% (range
from 76.5-83.3)®®, however a previous report in Thailand
gave a sensitivity of 94.7%1®. This might be due to the
use of different sources of pathogenic strain of lepto-
spires. Smits et al®® used antigen from serovar Hardjo
which is the most common in cattle as a carrier and not
frequently reported in outbreaks in Thailand, while
Naigowit et al®® used serovar Pyrogene as a source of
antigen. However, an evaluation of the use of serovar
Pyrogenes using a latex agglutination test supplied
from National Institute of Health, Ministry of Public
Health, Thailand and the serum samples obtained from
the southern region of Thailand where the outbreak is
caused mainly by serovar Bataviae revealed that the
sensitivity of the test was only 83.1%9.

When the first sera obtained from the patients
were considered, the sensitivity of acute serum was
only 17.6%. This is relatively low when compared to
previous reports that gave values of nearly 40% sensi-
tivity@s1®. A previous report found that using serum
collected during the first 10 days the sensitivity of the
latex agglutination test was not much different from
that of the microscopic agglutination test (MAT)®®, In
contrast another study reported that the sensitivity of
acute serum by the MAT was as low as 12.6%@9. This
discrepancy may be related to the different diagnostic
criteria used for the diagnosis of leptospirosis. Smits et
al®® defined a positive case of leptospirosis disease
by obtaining either a positive culture from blood or
urine or a MAT titer of > 1:160 obtained from one or
more samples. Naigowit et al®® used a cut-off value of
MAT at > 1:400 in single serum or when there was a
four-fold increase in the titer of paired serum. In the
present study the authors found that the sensitivity of
the MAT was very low at 1.2% (data not shown). The
case definition of acute leptospirosis for the present
study was only that patients had paired serum samples
showing a four-fold or greater rise in MAT titer. Serum
samples with high MAT antibody titer that persisted in
acute serum with less than a four-fold rise in titer of
convalescent serum were not included in the present
study.

The high specificity of the latex agglutination
test was confirmed by testing 202 samples from healthy
blood donors and the patients with syphilis, auto-
immune diseases and the diseases commonly confused
with leptospirosis including scrub typhus, murine
typhus and dengue hemorrhagic fever. The mean speci-
ficity of latex agglutination test was 97.0%, slightly
higher than previous studies®®. Only 6 out of the
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202 sera tested showed aggregation of latex particles
and most of those were weakly positive. Among these
6 false positive cases, scrub typhus accounted for 3
(50%) of cases. It is interesting that scrub typhus is
usually a major cause of a false positive result in an
immunodiagnostic test of leptospirosis® and lepto-
spirosis usually has cross reactivity in the serodiagno-
sis of scrub typhus vice versa®. The reasons for this
are unclear, but these two organisms may probably
share a common antigen or previous exposure to lepto-
spires in patients with scrub typhus may occur.

The latex agglutination test is extremely
simple and rapid to perform. The result can be read
within 5 minutes, compared to 3 hours using the dip-
stick assay®®Y or more than 1 hour with an ELISA test®?,
The aggregation of latex particle is not difficult to read,
the examiner can perform the test without the need for
training. Special equipment is not required. The assay
gives a reliable result with a good sensitivity and speci-
ficity. This is an interesting alternative test for diagno-
sis of acute human leptospirosis especially in small
health care units or in developing countries where
sophisticated equipment is lacking.
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