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Abstract

Leptospirosis is a worldwide zoonosis, caused by Leprospira interrogans. At the earlier stage
of the disease, the [gM immunoassays are expected to have more sensitivity than other immunoassays.
Previous reports showed that the indirect immunofluorescent assay for detection of immunoglobulins
(IFA-Igs) against Leptospira spp showed higher sensitive and specific than some genus specific tests.
The authors determined an efficacy of the indirect immunofluorescent assay for detection of IgM
specific leptospiral antibody (IFA-IgM). One hundred and eighty patients with acute febrile illness
without localizing signs admitted to Hat Yai Hospital were studied. Using the cut-off value of 21 : 400,
the overall sensitivity, and overall specificity of the IFA-IgM were 89.2 per cent and 95.1 per cent,
respectively. They were slightly greater than those of the conventional IFA-Igs (86.5% and 91.6%).
The first sera obtained from patients including acute sera and single sera showed a low sensitivity
(32.4%) but still higher than the IFA-Igs (29.7%). None of the patients with various diseases commonly
confused with leptospirosis or healthy blood donors gave a titer greater than 1 : 200. In conclusion, the
IFA-IgM has the same protocol as the IFA-Igs but the sensitivity and specificity is slightly greater
than the IFA-Igs. This is another alternative test for the diagnosis of acute leptospirosis.
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Current diagnostic methods for acute lepto-
spirosis are usually based on the demonstration of
serum antibodies using serological tests(1). Since iso-
lation of causative organisms from body fluids is dif-
ficult and less sensitive(2.3), the microscopic aggluti-
nation test (MAT) is a reference method for diag-
nosis and detection of antibodies at serovar levels.
However, this assay is time-consuming and requires
expertise to perform and interpret as well as to main-
tain a battery of live leptospires(4). Other sero-
logic approaches have been developed, including the
indirect immunofluorescent technique for detection
of immunoglobulin 1gG, IgM and IgA(5).

Previous studies showed that indirect immu-
nofluorescent assay (IFA) for detection of immuno-
globulins (IFA-Igs) against Leptospira spp were more
sensitive and specific than several serologic tests(6,7).
Since the immunoglobulin M is the first immuno-
globulin class appearing in antibody response and
most commonly occurs within a few weeks, the IFA
for detection of IgM specific leptospiral antibody
(IFA-IgM) should be more sensitive than the total
immunoglobulins for diagnosis of acute leptospirosis.
The authors compared the efficacy of the IFA-IgM
and the IFA-Igs with the MAT, a reference method.

MATERIAL AND METHOD
Specimens

Two sets of specimens were used in the
present study. The first set was sera which was pro-
spectively collected from 180 patients (95 pairs and 85
singles) who presented at Hat Yai Hospital, Songkhla
province, Thailand which is located 930 kilometers
to the south of Bangkok, from 1 to 31 December 2000.
The patients had acute fever > 38°C for more than 1
day but not exceeding 3 weeks. Exclusion criteria
were the presence of profuse rhinorrhea, exudative
pharyngitis, pneumonia, urethritis and diarrhea. The
second set of specimens was determined for the back-
ground of leptospiral antibody using 101 healthy biood
donors, 20 patients with syphilis (fluorescent trepo-
nema antibody-absorbed test positive 3+ to 4+), 20
patients with anti nuclear antibody (ANA) IFA posi-
tive titer 2 1 : 1,280 and 62 patients with diseases
commonly confused with leptospirosis. These patients
consisted of 20 with scrub typhus (IFA titer against
Orientia tsutsugamushi > 1 : 400)(8), 22 with murine
typhus (IFA titer against Rickettsia typhi > 1 : 400)(9),
and 20 with dengue fever (hemagglutination inhibi-
tion antibody titer against dengue virus 2 1 : 2,560)
(10). Al sera were stored at -80°C until tested.
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Microscopic agglutination test (MAT)

The MAT followed the method described
by Galton et al(11). All 23 serovars of Leptospira spp
were used as antigens: Australis, Ballico, Bratislava,
Akayami, Rachamati, Bataviae, Canicola, Cellidoni,
Djasiman, Grippotyphosa, Hebdomadis, Hyos, Tarasovi,
Icterohemorrhagiae, Copenhageni, Javanica, Saigon,
Pomona, Pyrogenes, Sejroe, Hardjo, Wolffi and Anda-
mana. Sera were screened at 1 : 100 by adding 25 pl of
serum diluted to 1 : 50 with phosphate buffer saline
(PBS) into 23 wells of microtiter plate. Twenty-five
ul of each live leptospires serovars was added to each
well and then mixed gently. After leaving at room
temperature for 2-3 hours, 3 pl of the suspension was
dropped on a slide. The agglutination was observed
under a dark field microscope (OLYMPUS model
BH-2) at a final magnification of 100X. Any serum
specimen with a positive reaction was then retested
against the respective serovars to determine the
endpoint titer which gave the highest dilution. This
would be more than 50 per cent agglutination of
leptospires. A titer of = 1 : 400 in single serum or a
four-fold rising in antibody titer in paired serum was
considered as that patient having leptospirosis(6).

Indirect immunofluorescent assay (IFA) for detec-
tion of IgM and immunoglobulins (IgG, IgM, IgA)

The IFA was a modified Appassakij’s
method(3). Briefly, normal yolk sac was added to the
5-7 days culture of L. interrogans serovar Bataviae in
neopeptone medium to reach the final concentration
of 0.5 per cent. The culture was dotted on the wells
of clean taflon-coated slides and air-dried at room
temperature. Each slide was then fixed in acetone for
10 minutes, left to air-dry and stored at -70°C until
used.

Ten pl of diluted serum (start at 1 : 100) was
applied on the slide and incubated at 37°C in a moist
chamber for 30 minutes. Each slide was washed three
times in phosphate buffer saline (PBS) pH 7.2, then
rinsed once with distilled water and air-dried. Ten pl of
optimal dilution of fluorescein isothiocyanate (FITC)
conjugated rabbit anti-human immunoglobulins M
(Dako A/S, Code F0203, Denmark) or immuno-
globlulins (IgG, IgM, IgA) (Dako A/S, Code F0200,
Denmark) was placed on the slide and incubated at
37°C in the moist chamber for 30 minutes. Each slide
was washed as done previously. After mounting
with glycerol buffer, each slide was examined under
a fluorescent microscope (OLYMPUS model BH-2
with FITC filter and exciter filters at a 400X magni-
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fication). All positive sera were further diluted and
final titers were determined. The endpoint titer was
the highest serum dilution giving a visible fluores-
cence of leptospires. Positive and negative reference
sera were included in every batch tested. In the case
of detection of immunoglobulins, a patient who had
a titer of = 1 : 400 in single serum or a four-fold
increase in antibody titer in paired serum was con-
sidered as positive(S).

Statistical analysis

The sensitivity, specificity, false positive rate,
false negative rate, positive predictive value and nega-
tive predictive value of the assays were calculated
according to standard method(12). The kappa statis-
tics for agreement between two independent observers
was determined using Statistical Packages for the
Social Science release 9.05 (SPSS, Chicago, USA).

RESULTS

A total of 281 serum samples from 180
patients were investigated for leptospiral antibody

Table 1.
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by the MAT, the IFA-Igs and the IFA-IgM. Thirty-
seven patients were found to have leptospirosis and
143 patients were found not to have leptospirosis
using the diagnostic criterion by the MAT. The sensi-
tivity and specificity of the indirect immunofluores-
cent assay for detection of IgM specific leptospiral
antibody are summarized in Table 1. The background
antibody titer was investigated in healthy blood
donors, syphilis, sera with anti nuclear antibody posi-
tive and various diseases commonly confused with
leptospirosis. The cross reaction results are summa-
rized in Table 2. When using the cut-off value of 2 1 :
400, the performance of the IFA-IgM and the IFA-Igs
are summarized in Table 3. Although the IFA-IgM
was subjective, most of the antibody titers examined
by two independent experimenters showed the same
titer as the kappa statistic value for agreement of 0.83.

DISCUSSION

An accurate and sensitive method for diag-
nosis of acute leptospirosis is essential for both cli-
nicians and patients to avoid serious complications

The sensitivity and the specificity of the indirect immunofluorescent assay for detection of immuno-
globulin M for diagnosis of acute leptospirosis.

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

21:3200 4/37 10.8 143/143 100 2/37 54
21:1,600 18/37 48.6 141/143 98.6 7/317 18.9
21:800 24/37 64.9 139/143 97.2 7137 18.9
21:400 33/37 89.2 136/143 95.1 12/37 324
21:200 36/37 97.3 130/143 90.9 16/37 43.2
21:100 36/37 97.3 127/143 88.8 16/37 432

* No of positive sera/No of sera tested

Table 2. Cross reaction assessment to determine the background antibody titer of indirect immunoflorescent
assay for detection of IgM specific leptospiral antibody.
IgM titer Other diseases and negative control group (n)
Healthy Scrub typhus Murine typhus Dengue fever Syphilis ANA positive
blood donors sera
<1:100 100 15 21 20 20 19
1:100 1 2 1 0 0 1
1:200 0 3 0 0 0 0
1:400 0 0 0 0 0 0
Total 101 20 22 20 20 20

Note : ANA = anti nuclear antibody
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Table 3. The performances of the IFA-IgM and the

IFA-Igs for diagnosis of acute leptospirosis.

Statistic values IFA-IgM IFA-Igs
% %
Sensitivity 89.2 86.5
Specificity 95.1 91.6
False positive rate 49 8.4
False negative rate 10.8 13.5
Positive predictive value 82.5 72.7
Negative predictive value 97.1 96.3
Accuracy 93.9 90.6

and initiate the appropriate treatment(13). At the
earlier stage of ihe disease, the IgM immunoassays
are expected to be more sensitive than other assays. In
the present study, using the first sera obtained from
the patients at the cut-off titer of > 1 : 400, the authors
found that the IFA-IgM tended to be more sensitive
(32.4%) than the IFA-Igs (29.7%) (data not shown).
The previous report showed that the IFA-Igs had a
greater sensitivity when compared to other genus-
specific immunoassays such as indirect hemagglu-
tination assay, Dipstick, ELISA and microcapsule
agglutination test(7). This is a great advantage of the
IFA over the others. However, the authors found that
the overall sensitivity (89.2%) and the overall speci-
ficity (95.6%) of the IFA-IgM were slightly higher
than those of the IFA-Igs (86.5% and 91.6%, respec-
tively), at cut-off titer of 2 1 : 400. It was clear that
using the first sera obtained from patients, IFA-IgM
showed only one third of the leptospirosis cases.
Requirement of convalescent serum is essential to
increase the sensitivity of the test.
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A low antibody titer could be observed in
healthy blood donors or rickettsial diseases. The
authors found only one out of 101 blood donors who
gave a titer of 1 : 100. Interestingly, five out of 20
(25%) patients with scrub typhus were cross-reacted
at titer < 1 : 200. It was known that leptospirosis was a
major causes of false positive result in the serodiagno-
sis of scrub typhus(14), It is not surprising that scrub
typhus can cross reacted to the immunodiagnostic test
of leptospirosis and vice versa. The reasons for this
are unclear, but these two organisms may probably
share the common antigen or previous exposure to
leptospires in the patients may occur. However, the
cross reaction is a minor problem since none of the
patients with the diseases commonly confused with
leptospirosis and healthy blood donors gave a titer
> 1: 200 and the diagnostic cut-off value used in this
study was 2> 1 : 400.

In conclusion, the IFA-IgM for diagnosis of
acute leptospirosis has the same protocol as the IFA-
Igs except using FITC conjugated rabbit anti-human
immunoglobulins M instead of anti-human immuno-
globulins (IgG, IgM, IgA). The time consumption
and cost of the assay were not different, but the sensi-
tivity and specificity of the IFA-IgM were slightly
higher than the IFA-Igs. This is another alternative
test for the diagnosis of acute leptospirosis.
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