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. Leptospiral 1gG, IgM, IgA,_ or IgS isotype antibody
determinations. Which one to choose for the diagnosis of
human leptospirosis?

Hatsadee Appassakii, Khachomsakdi Silpapojakul,
Somporn Sretrirutchai, and Suwat Chookumnerd
Department of Pathology and Department of Medicine, Faculty of

Medicine, Prince of Songkla University, Hat Yai, 90110, Thailand
ABSTRACT

A study was done to compare the igG, IgM, IgA and the total
immunoglobulin (IgS) isotype responses in leptospiral-infected péﬁénts_
Using 57 paired sera from proven leptospirosis patients, the respective
sensitivities of acute and convalescent patient's sera tests were as follows:
IgG, 63.2% and 100.0%; 'gM, 57.9% and 91.2%; IgA, 3.5% and 56.1%; and
1S, 64.9% and 100.0%. The geometric mean ftiters for each leptospiral
antibody in sera from both acute and convalescent patients were as follows:
1gG, 55.0 and 650.6; igM, 51.8 and 362.9; IgA, 19.2 and 52.5; and IgS, 76.0
and 995.8; respectively. Additionally, leptospiral IgS antibodies showed an
earlier detection and a faster declination when compared to the standard MA
antibodies. The persistence of leptospiral IgS antibodies was up to five and a
half months. A single or simultaneous assay for 1gG, igM or IgA leptospiral

antibodies had no advantage over IgS leptospiral assay.
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INTRODUCTION

The diagnosis of human Ieptosbirosis usually relies on serological-
antibody based assays (1). Early and/or sensitive serological tests of
human leptospirosis are essential because early treatment using
doxycycline or other tetracycline antibiotics usually results in a rapid and
complete recovery.

Human leptospiral antibodies are characterised by IgG, IgM, and IgA
isotypes (2-3). Leptospiral IgM antibodies, in particular, have been
suggested as a marker of the early phase of the disease, but this type of
antibody was present in less than half of the cases (4-6). Assays that use
the crude ieptospiral antigen to detect leptospiral IgM antibodies appear to
be more sensitive assays but subject to variation in specificity (7-11).
Additionally, the diagnosiic utility of leptospiral IgM antibody detection has
been questioned by the occasional persistence of leptospiral igM antibodies
for several years (9, 12-13). On the other extreme there have been no
leptospiral IgM response in some patients with proven leptospirosis,
especially in some endemic area (4, 8, 3, 14), and false positive results were
often detected by genus-specific leptospiral igM antibodies (7, 10-11). As a
consequence, paired sera were required to confirm the rising of leptospiral
IgM antibody titers for a definite diagnosis.

As an alternative, it has been suggested that simultaneous detection
of leptospiral 1gG and IgM antibodies increases the sensitivity of early
detection when compared to the detection of leptospiral I1gG or igM

antibodies alone (2, 6, 8-9, 12-13). Since not all leptospirosis patients
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produce leptospiral 1IgG or IgM antibodies (2, 8, 15), the additional detection
of leptospiral IgA antibodies may help to maximize the sensitivity. Silva and
his co-workers have successfully improved the sensitivity of the assay by
simultaneously assayed the leptospiral I1gG, IgM, and IgA (2, 3). In their
reports, leptospiral IgM and IgA detecied by ELISA were the predomin‘ént
antibody isotypes found throughout the course of the leptospiral infection (2,
3). This implies that, in order to increase the sensitivity of the test, at least
fwo methods are required. One by using paired sera testing or two, by
simultaneous detection of leptospiral IgG and IgM and/or IgA antibodies.
However, which method provides the better yield has not yet been
documented.

In the present study, we compared the leptospiral IgG, IgM, IgA, and
total immunoglobuﬁn (1gS) antibody responses in patients with leptospirosis
to determine which isotype is the most appropriate for use in serodiagnosis.
Additionally, the 1gS leptospiral antibody kinetics throughout the course of
leptospiral infection were also investigated and compared with the MA

leptospiral antibody.
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MATERIALS AND METHODS

Study design

The study was conducted at Songklanagarind Hospital, Hat Yai,
Thailand, between 2001 and 2003 with the approval of the Ethics Committee
of the Faculty of Medicine, Prince of Songkhla University. Paired sera
obtained from patients, regardless of sex and age, who presented with acute
(2-14 days) fever without signs and symptoms suggestive of obvious foci of
infection, were included in this study. Acute sera were collected within a week
of iliness onset with subsequent sera samples taken 1-2 weeks later.

The definitive diagnosis of leptospirosis was defined as a four-fold or
greater increase in the leptospirosis microagglutiniﬁ (MA) titers (1). There
were two groups of leptospirosis popﬁlétions studied. The first group
consisted of 57 patients with proven leptospirosis who were tested for the
presence of various leptospiral antibody isotypes. The second group of
leptospirosis patients consisted of 37 patients who were investigated for the
kinetic and the persistence of leptospiral antibodies. In total, 88 serum
samples were obtained from the patients in this group. All sera were
coliected over a period of one to 216 days after the onset of illness. All the

serum samples used in this study were kept at -70°C before being assayed.

Microagglutination (MA) test
The leptospiral agglutinins were tfested by the MA method (1) against a
battery of the following 23 Leplospiral interrogans serovars: akayami A,

ballico, bangkoki, bataviae, bratisfava, bullum, canicola, copenhageni,
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cellidoni,  djasiman,  grippolyphosa, hardjo, hebdomadis, hyos,
icterohaemorrhagiae, javanica, pomona, pyrogenes, - ralc'hmati, saigon,

sejroe, tarassovi, wolffi.

Indirect immunoperoxidase (IIP) test -

The IIP test used in this study was modified slightly from the
immunofluorescent antibody (IFA) test that previously descrif)ed (i B).

Briefly, the test was as followed: 5-7 day-old cultures containing
approximately 107 leptospires/ml of Leptospiral interrogans serovar bataviae
were air-dried, fixed with acetone at room temperature for 10 min, and
stored at -20°C until used.

Fifty microlitres of the sera diluted to 1:100 were placed on each circle
of the dried antigens and incubated in a moist chamber at 37°C fdr 30 min.
The slides were rinsed once with 0.15 M phosphate-buffered saline (PBS),
pH 7.2, and then washed with PBS. Fifty microlitres of the optimal dilution of
peroxidase enzyme-conjugated rabbit anti-human immunogiobulin 1gG, I1gM,
IgA, or total immunoglobulins (IgS) antiserum was then placed by adding on
each antigen circle and incubated in a moist chamber at 37°C for 30 min.
The slides were rinsed once and washed with PBS and the peroxidase
enzyme substrate was added to the antigen circle for 10 min. After stopping
the reaction with distilled water, the antigen circles were air-dried and
subsequently examined at x400 magnification using an ordinary microscope.
A positive result was identified and read when the leptospires appeared with
their characteristic spirochaetal morphology as a brownish colour. All the

positive serum samples were tested to their end-point titers. Furthermore,
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both positive and negative serum control's were included in each batch of the

+

-

assays.
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RESULTS
Leptospirai isotype antibody responses in patients with leptospirosis
Fifty-seven paired sera obtained from patients with proven leptospirosis
were tested using the IIP test for various leptospiral antibody isotypes, as

shown in Table 1.

Analysis of the acute and convalescent sera showed for the detection of
leptospiral antibodies as followed: IgG, 63.2% and 100.0%,; igM, 57.9% and
91.2%; IgA 3.5% and 56.1%; and IgS, 64.9% and 100.0%, respectively. The
magnitude of titers for each of the leptospiral antibodies in the acute and
convalescent sera, as expressed by geometric means, were as followed:
IgG, 55.0 and 650.6; IgM, 51.8 and 362.9; IgA, 19.2 and 52.5; and IgS, 76.0
and 995.8; respectively. Leptospiral 1gS antibodies provided the highest
sensitivity and magnitude of any antibody titers for both the early and

convalescent phases of diseases (McNemar test, p value <0.01).

The background 1IP total IgS antibodies in patients with non-leptospirosis
controls was 8.8% and all of them showed P total 1gS antibody titers not
more than 1:200. These results were similar to the background IIiP

antibodies of 1IgG and IgM isotypes (data not shown).

The kinetics of leptospiral antibodies responses in patients with

leptospirosis

Eighty-eight sera obtained from 37 patients with proven leptospirosis
were investigated by the |IP test and by the standard MA test (Figures 1 and
2) to determine the persistence of leptospiral antibodies over a period of time

ranging from one day up to 216 days after the onset of illness. In general,
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the |IP antibodies showed an earlier detection and a faster declination when
compared to the MA antibodies.

On serial testing, the IIP-1gS antibodies appeared during the first week of
llness in 12 of the 20 (60.0%) patients with leptospirosis, and plateaued
during the second and third week (100.0%), and after that, declined and
persisted for five and a half months. In contrast, the MA antibodies appeared
during the first and second weeks of iliness in only one of 20 (5.0%) patients
and 12 of 26 (46.5%) patients, respectively, and peaked by the fourth week
(100.0%). The persistence of MA antibodies was longer than that of the iiP-

IgS antibodies.
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DISCUSSION

The genus-specific leptospiral antibodies demonstrated in the present
study were characterised by leptospiral 1gG, IgM, and IgA antibodies where
lgG and IgM were the predominant isotypes. However, our findings were
diﬁérent from those reported by Silva and his co-workers (2) in that
leptospiral‘ IgA antibodies were not as that prevalent in our patients with
leptospirosis. Only 3.5% and 56.1% of our patients with leptospirosis
showed positive results for leptospiral 1gA antibodies in their acute and
convalescent sera, respectively. The magnitude of leptospiral IgA antibody
titers were also much lower than those of leptospiral IgG and IgM antibodies.
Thus, assay for IgA anti-leptospiral antibody is not a sensitive diagnostic test
for leptospirosis at all.

As expected, both 1gG and IgM were the predominant leptospiral
antibodies in both the acute and convalescent patient’'s sera because the
cell surface leptospiral antigens used in this study consisted of protein and
lipopolysaccharide antigens (6, 17). These results were in accordance with
other studies in endemic area for leptospirosis (13, 15, 17), and other
infectious diseases such as scrub typhus (18}, and toxoplasmosis (19) in
that early and high titers for both IgG and IgM isotypes were demonstrated.
Some investigators, however, found that the IgM isotype titers response in
leptospirosis were greater than those of specific 1gG isotypes (2-3, 6, 8-9).
The leptospiral IgG antibodies were recognised in all of our 57 patients with
leptospirosis while leptospiral [gM antibodies were absent in five patients.

The possibility of delayed-igM production should be taken into account
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because of the host factors or the early initiatioq of antibiotic therapy (8, 16,
20). For example, Terpstra and his co-workers mentioned of a proven case
of leptospirosis who remained seronegative for leptospiral IgM antibodies for
up to three months after the onset of the disease (8). Unfortunately, sera of
our IgM-seronegative patients were unavailable for serial testings. The other
explanation for the absence of leptospiral IgM antibodies may be due to re-
infection type of leptospirosis which are not uncommon in hyperendemic
area (8).

Taken together, the factor(s) which might explain the apparently
different results from various other investigations for leptospiral antibody
isotypes in patients with leptospirosis were as follows: Firstly, the individual
hosts may response to the leptospiral antigens from the different infected
Ieptosﬁira strains by generating the different leptospiral isotype antibodies
(12). Secondly, the type of leptospiral antigens used in the studies may
determine the different leptospiral isotype antibodies. For example, the
lipopolysaccharide antigens predominantly induce IgM isotype antibodies (6,
12) versus the leptospiral protein antigens which evoke more IgG responses
(15). Thirdly, the variability of leptospiral antigens expressed during the
course of infection (17, 21), and the timing of the collection of serum
samples, (2, 6, 8- 9, 12} may lead to determine the different leptospiral
isotype antibodies. Fourthly, the type of assay techniques used in the
various studies were reported to determine the different leptospiral isotype
antibodies. For example, the leptospiral antibodies detected by a
microagglutination test were mainly of the IgM isotypes (6, 12) while ELISA

antibodies were mainly of the IgM and 1gG isotypes (6, 13, 15, 17). Lastly,
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.the different antibody responses were partly due to the host factors such as
the severity of the disease, the .abnormal of host responses or the early
initiation of antibiotic therapy (8, 9, 20, 21).

Regardless of whether igG -or IgM isotype antibody determinations
had any advantage over one and another, an important point of the present
study was that singly or assays for leptospiral IgM, IgG, and IgA antibodies
had no advantage over a single assay for leptospiral IgS antibodies.
Moreover, the IgS leptospiral assay was less-time consuming and more
economic. The potential diagnostic value of 1gS leptospiral antibodies assay
was also supported by the earlier detection and a faster declination when
compared to the standard MA antibodies (Figure 1 and 2).

In conclusion, from our study V\;e identified a predominance of both
specific 19G and 1gM isotype Ie.ptosp'iral antibodies specific to cell surface
antigens. A single or simultaneous assay for igG, 1gM or IgA leptospiral

antibodies had no advantage over IgS leptospiral assay.
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Table 1 Leptospiral IgG, IgM, IgA, and IgS antibody determinations in acute and

convalescent sera of patients with leptospirosis

lIP antibodies : no of positive, % positive,

b N N‘:' f95% confidence interval], (geometric mean)
isease phase o —— — ——
patients IgS 1gG igM IgA
Acute 57 37,64.9% 36, 63.2% 33, 57.9% 2,35%
[52.2-77.6%] (50.3-75.9%] [44.7-71.0] [0.0-8.4%]
(75.6) (55.0) (51.8) {19.2)
r—_________l L.___‘.\___._‘
Convalescence 57 57, 100.0% 57, 100.0% 52, 91.2% 32,56.1%
[100.0-100.0%]) | [100.0-100.0%] | [83.7-987%)] | [42.9-69.3%]
(995.8) (650.6) (362.9) (52.5)
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Reciprocal IIP antibody titer
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Figure 1 The persistence of leptospiral antibodies in patients with leptospirosis as detected by indirect immunoperoxidase test
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Reciprocal MA antibody titer
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Figure 2 The persistence of leptospiral antibodies in patients with leptospirosis as detected by microscopic agglutination test
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SERODIAGNOSIS OF HUMAN LEPTOSPIROSIS BY
IMMUNOPEROXIDASE TEST

Hatsadee Appassakij, Kachornsakdi Silpapojakul, Somporn Sretrirutchai,
and Paiwan Khuntigij
Department of Pathology and Department of Medicine, Faculty of

Medicine, Prince of Songkla University, Hat Yai, 90110, Thailand

ABSTRACT

An indirect immunoperoxidase (lIP) test was developed for the detection
of genus-specific anti-leptospiral antibodies. Paired sera from 320 patients
with clinically suspected pyrexia of unknown origin were tested with both the
[IP test and the microagglutination (MA) test, and the results compared.
Overall, the IIP test recognized all 78 proven MA-positive patients with
Iebtospirosis. The performance of the IiP test as a screening test (at the titer
z 1:100) was 74.5% sensitive, 91.3% specific, and the likelihood ratios of
positive and negative results were 8.6 and 0.3, respectively. While the
performance of the IIP test as a confirmatory test at the titer = 1:400 was
65.8% sensitive, 99.4% specific, and the likelihood ratios of positive and
negative results were 106.2 and 0.3, respectively. The lIP test in the early
phase of disease was more sensitive than the MA test (sensitivity = 47.4%
versus 19.4%, respectively). However, all patients demonstrated
seroconversion in the paired sera. Regarding the clinical utility of the IIP test
in terms of calculations by post-test probabilities of disease, the greatest
incremental gain occurred when the pre-test probability was in an

intermediate range, 10-50% respectively.

80



The lIP test can offer an earlier diagnosis than the standard MA test
and could be used as a confirmatory test if the paired sera showed
seroconversion, or an P titer of 1:400 or greater was considered as the cut-
off point in single serum. Additionally, the [IP test is practical for use as a

routine service in hospitals with limited facilities.



INTRODUCTION

Human leptospirosis is an acute febrile zoonotic disease resulting
from infection with Lepfospira interrogans. The clinical manifestations of
leptospirosis are diverse and are often indistinguishable from those of
patients with various other diseases including dengue infection, scrub
typhus, murine typhus, influenza infection, and typhoid (1). Eary treatment
with doxycycline or tetracycline antibiotics usually results in a rapid and
complete recovery. Thus, laboratory testing to confirm the clinical diagnosis
is essential for optimal treatment and patient management.

The microagglutination (MA) test is the current reference method for
the serodiagnosis of leptospirosis (2). This test, however, is relatively
insensitive in the acute phase of the illness (3). In addition, because the test
is relatively serovar specific, it usually requires a battery of more than 20 live
leptospira serovars to provide the antigens for many possible strains present
in the region. This is time consuming and increases the risk of laboratory-
acquired infection.

Several serological tests have been developed with variable results
(3-10). In an eadier article the current authors reported on the
immunofluorescent antibody (IFA) test for the early diagnosis of human
leptospirosis (3). The IFA test has been considered the routine standard
serological assay but it is not widely used because of a lack of fluorescence
microscopes in leptospirosis endemic areas. To help overcome this
limitation, the authors are proposing an alternative assay for the

serodiagnosis of human leptospirosis by using an indirect
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immunoperoxidase (1P} test. The IIP test is a modification -of the IFA test by
replacing the fluorochrome with peroxidase thus allowing the use of an
ordinary light microscope instead of a fluorescent microscope to read the
test results (11). As the result, the liP test would be practical for routine use
in hospitals with limited facilities.

The main aims of the present study were to develop, standardized,
and evaluate the performance and the technical characteristics of the 1iP test

for the serodiagnosis of human leptospirosis.
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MATERIALS AND METHODS

Study design
The study was conducted at Songklanagarind Hospital, Hat Yai,

Thailand between 2001 and 2003 with the approval of the Ethics Committee
of the Faculty of Medicine, Prince of Songkhla University. Only adults (>15
year old) patients who presented with acute (2-14 days) fever without signs
and symptoms suggestive of obvious foci of infection and had paired sera
were included in this study. Acute sera were collected from the patients
within a week of onset of illness and the subsequent sera were taken 1-2
weeks later. These serum samples were kept at -70°C before being
assayed.

The definitive diagnosis of leptospirosis was defined as a patient who
had a four-fold or greater increase in the microagglutination (MA) titers (2).
Non-leptospirosis patients, who had negative MA tests in their paired sers,
were further differentially diagnosed based on serological assays for scrub
and murine typhuses and dengue infection. Patients with scrub typhus was
defined as having a four-fold or greater immunofluorescent titers for O.
tsutsugamushi = 1:400. Murine typhus was defined as having a four-fold or
greater immunofluorescent titers for R. fyphi 2 1:400. Dengue infection was
diagnosed in patients who had four fold or greater dengue hemagglutination
titer = 1:1280 and/or positive dengue specific IgM = 40 units/mi) (3). Those
who remained nonreactive to the above tests were labeled as having

unknown acute undifferentiated fevers.
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Cross-reactivity with other spirochetal disease was examined using sera
from 35 patients with syphilis (Venereal Disease Research Laboratory titer =
1:8 and positive fluorescent tréponemal absorption test)

Autcimmune serum samples obtained from patients with autoimmune
diseases, who had positive rheumatoid factors = 20 |U/ml and positive anti-
nuclear antibodies, were also tested to determine whether the leptospiral
indirect immunoperoxidase test might be affecied by non-specific anti-

immunoglobulins.

Microagglutination (MA) test h

The leptospiral agglutinins were tested using the MA method (2, 3)
against a battery of the following 23 Lepfospiral interrogans serovars:
akayami A, ballico, bangkoki, bataviae, bratislava, bullum, canicola,
copenhageni, cellidoni, djasiman, grippotyphosa, hardjo, hebdomadis, hyos,
icterohaemorrhagiae, javanica, pomona, pyrogenes, rachmati, saigon,

sejroe, tarassovi, wolffi.

Indirect immunoperoxidase (lIP) test

The lIP test used in this study was maodified slightly from that which we
had previously described for the leptospirosis IFA assay (3).

Briefly, the test was done as followed: Five to seven day-old cultures
containing approximately 107 leptospires/ml of Leptospiral interrogans
serovar bataviae were air-dried, fixed with acetone at room temperature for

10 min, and stored at -20°C until used.
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Fifty microlitres of the sera diluted to 1:100 were placed on each circle
of the dried antigens and incubated in a moist chamber at 37°C for 30 min.
The slides were rinsed once with 0.15 M phosphate-buffered saline (PBS),
pH 7.2, and then washed with PBS. Fifty microlitres of the optimal dilution of
peroxidase enzyme-conjugated rabbit anti-human total immunogiobulins
(1gS) antiserum was then placed by adding on each antigen circle and
incubated in a moist chamber at 37°C for 30 min. The slides were rinsed
once and washed with PBS and then peroxidase enzyme substrate was
added to the antigen circle for 10 min. After stopping the reaction with
distilled water, the antigen circles were air-dried and subsequently examined
at x400 magnification using an ordinary microscope. A positive result was
identified and read when the leptospires appeared with their characteristic
spirochaetal morphology as a brownish colour. All the positive serum
samples were tested to their end-point titers. Furthermore, both positive and

negative serum controls were included in each batch of the assays.

Reproducibility of the lIP test

To demonstrate the reproducibility of the [IP test, regarding the intra-
observer variation, a subset of 107 serum samples were tested by the same
medical technologists twice. Each time, the serum samples were
randomized and the performers were blinded as to the number of the
specimens. For the inter-observer study, a subset of 36 serum samples with
IIP antibody titers ranging from 1:100 to 1:1600 were similarly and

independently tested by two medicai iechnologists.
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Statistical methods

Statistical parémeters in terms of sensitivity, specificity, likelihood ratios,
post-test probabilities and predictive values and their corresponding 95%
confidence intervals were calculated in accordance with Bayes Theorem
(12). For the evaluation of intra- and inter-observers variation, the degree of
agreement between any two tests in classifying an individual sample
correctly was calculated using the kappa statistic (14). A kappa value of

more than 0.8 indicates excellent agreement between tests.

87



RESULTS

Patients

A total of 320 paired sera obtained from 320 patients with acute
undifferentiated fevers were independently tested using both the MA and liP
tests. Seventy-eights patients were proven to have leptospirosis on the basis
of a four-fold or greater increase in MA antibody titers. The presumptive
infective serovars were bataviae (69), hebdomadis (1), canicola (2),
grippotyphosa (1), and copenhageni (5). For non-leptospirosis (MA negative)
group, 73 patients were identified as patients with scrub typhus, 10 patients
had murine typhus, 45 patients were infected with dengue viruses, and 114

patients remain as unknown acute undifferentiated fever.

Assessment of the performance characteristics of the IIP test

The validities of the IIP test were evaluated in patients with
teptospirosis (78) and a non-leptospirosis control group {242), by using the
MA test as a gold standard. To determine the optimal cut-off values for the
iIP, the performance characteristics were calculated at cut-off titers 1:100,

1:200, 1:400, and 1:800.

Specificity, Sensitivity and the Likelihood Ratios
liP seropositivity were observed in 1.1% of the patients with dengue
infection, 22.6% of the patients with scrub typhus, and 3.3% of the patients

with unknown acute undifferentiated fevers. Their sera, which consisted of
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21 acute and 18 convalescent samples, had |IP antibody titers < 1:200 with
the exception of three patients with unidentified pyrexia of unknown origin
who had their lIP antibodies titers of <1:100 and 1:400 in their acute and
convalescent sera, respectively. At the titer = 1:400, the performance
characteristics of the IIP test as a confirmatory test were 99.4% specific
and 65.8% sensitive, and the likelihood ratios of positive and negative
results were 106.2 and 0.3 respectively (Table 1).

All the patients with leptospirosis had at least one serum sample
reactive at an IIP fiter 2 1:100. Thus, a cut-off titer of 1:100 can be
considered as a positive screening test in a single serum sample (12). At this
titer, the 1IP test were 74.5% sensitive, 91.3% specific, and the likelihood
ratios of positive and negative test results were 8.6 and 0.3, respectively
(Table 1). On acute sera testing, the |IP test was 47.4% sensitive at this titer
(Table 2). False negative results were found in 41 of 78 (52.6%) patients
with leptospirosis upon acute sera testing. However, all 78 patients
demonstrated 1P seroconversion in the subsequent tests. The performance
of the MA test on acute sera testing, at a cut-off titer of 1:100, was 19.4%
sensitive, 98.3% specific, and the likelihood ratios of positive and negative

results were 11.8 and 0.8, respectively (data not shown).

Post-test probabilities

Based on the clinician's perspective the post-test probabilities and/or
predictive values of disease were evaluated in order to assess the clinical

utility of the IIP test for the diagnosis of leptospirosis.



Table 3 shows the outcome of customising the pre-test probabilities
and the calculated post-test probabilities of the disease. The greatest
incremental gain occurred when the pre-test probability was in the
intermediate range, 10-50% but was of little benefit when the pre-test
probability was very high (e.g. 70% pre-test probability) or very low (e.g. 1%
pre-test probability). In a situation where the prevalence of the disease is
known a clinician’s perspectives can be evaluated in terms of predictive
values. The predictive values of the IIP test were dependent on the
prevalence disease (Table 4). Similar to the resulting post-test probabilities,
the greatest incremental gain occurred when the prevalence of disease was
in an intermediate range between 10 and 40%, but was of little benefit when

the prevalence of disease was very high (e.g. 70%) or very low (e.g. 1%).
Evaluation of technical characteristics of the IIP test

Cross-reactivity

All these 118 patients with either dengue or scrub typhus infection had
IIP titers < 1:200. Only 3 patients with unidentified acute pyrexia of origin
had lIP >1:200. (Their IP antibodies in acute and convalescent patient's
sera were <:100 and 1:400, respectively.) In addition, 1P seropositivity up to

a titer of 1:1600 were observed in 23% (8/35) of patients with syphilis.
Effect of interference substances in the {iP test

14.0% (7/50) of the sera from patients with autoimmune diseases were

reactive in the lIP test (range of titers, 1:100 to 1:400).

Reproducibility of the [iP test
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in the P reproducibility study, 107 blind serum samples were in 100%
agreement by intra-observation testing when performed as qualitative
assays (kappa value = 1.00). A series of 36 blind serum samples were in
91.7% agreement by inter-observation testing when performed as semi-
quantitative assays (kappa value = 0.9). Thus, degree of the agreement
between two tests was excellent. In no case did the repeated titer differed by

more than one dilution.
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DISCUSSION

Detection of genus-specific leptospiral antibodies has been suggested
as useful for the early diagnosis of human leptospirosis when compared with
the MA test (3, 8). Several serological tests have been developed to detect
leptospiral antibodies with reports of variable results (3-10). The main
explanations given by those reports were due to differences in case
definition (14), the spectrum of disease controls used in the study (3, 5),
timing of serum sample collection (3, 13), or a combination of any or all of
these factors (3-10, 13-14). Additionally, technical problems and the
perspective of test result information could limit the clinical utility of those

published papers.

in the present study, the genus-specific antibodies detected by |IP test
recognised all the 78 MA-positive proven patients. An important point was
that the sensitivity of the IIP test depended upon the phase of the diseases
and it was found to be relatively insensitive in the eary phase of the
diseases. False negative results were found in 47.4% (41/78) of the initial
sera which were collected within less than seven days of the onset of illness.
These negative results were partially caused by collecting serum samples
too early. The reasons were supported by our earier report that the genus-
specific leptospiral antibodies appear late during the first week of illness
(approximately 52.0%), and peak by the second week of illness (3).
Therefore, the significant leptospiral antibodies determined in any single
serum sample should be interpreted with relation to the course of illness.
Additionally, it is advisable that a second blood sample should be tested if a

92



negative result is obtained in an initial testing. In the present study, all 78
proven leptospirosis patients seroconverted by the follow up IIP tests.
Generally, the IIP test was highly specific but the important issue was
that some patients with clinically suspected leptospirosis (non-leptospirosis
controls) had the lIP titers up to 1:200 and based on the cut-off titer of 2
1:400, false positive results were found in sera of three patients with
unknown acute undifferentiated fevers. These three patients might have
been leptospirosis patients but could not be diagnosed by means of the MA
test used in this study. Similar resuits were previously reported by the
current authors (3), and by other investigators (14). For example, Jeandel
and others have described three culture-proven cases of leptospirosis that
remained seronegative upon serial testing up to 35-150 days after the onset
of the diseases (14). The reasons for these findings might be the presence
of new Leptospira serovar not included in the battery of serovars used in the
MA testing, the severity of the disease, the abnormal host response, or the
early initiation of antibiotic therapy, which can suppress or delay MA
antibody production (3, 14). The other possible explanation for the false
positivity includes the cross-reactivity which was also observed in patients
with clinically unretated diseases such as syphilis and autoimmune diseases

as demonstrated in this study.

The principal goal of diagnostic tests is to help clinicians increase the
probability of making a correct diagnosis. Likelihood ratios are usefu! in this
regard. Thus, one can use the likelihood ratios to link the pre-test to the
post-test probabilities by calculation (12) or alternatively use a nomogram for

converting pre-test probabilities to post-test probabilities of diseases (15).
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Our results have shown that the IIP test was most useful for diagnosis of
human leptospirosis in patients with an intermediate range of pre-test
probabilities or the prevalence of the disease e.g. 10-50% and so was of
little benefit when the pre-test probability was very high or very low. These
findings support the aim of the diagnostic test in that the lIP test can reduce
the level of uncertainty to a level that allows optimal therapeutic decisions

(12-13).

The value of a diagnostic test often depends on its reproducibility when

applied to patients. The lIP test was reproducible and applicable.

In conclusion, the P can offer an earlier diagnosis than that of the
standard MA test and was found to be most useful in patients with
intermediate pre-test probabiliies or prevalence of the disease. It was

practical for use as a routine service in hospitals with limited facilities.
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Tabie |

The performance characteristics of the IIP test on overall sera (acute

and convalescent sera) testing

lIP test results L'ke"h?gg ratios
Titers Sensitivity% | Specificity%
(ChH) (cn
Positive Negative

TP FP TN FN LR LR

1100 745 91.3 8.6 0.3
: 120 | 42 | 442 | 41 (64.7-84.4) | (87.7-94.9) 0 0

. 70.2 96.7 212 0.3
1:200 | 113 16 463 48 (59.8-80.6) (95.5-97 8) 0 0

65.8

. 99.4 106.2 0.3

800 44.1 100.0 © 0.6
: 71 0 484 90 (32.8-55.4) {100.0-100.0) O 0

Note: TP = true positive, FP = false positive, TN = true negative, FN = false negative,
CI = 95% confidence interval
~ * patients with seronegative by the standard MA test but seropositive for at least 4 fold

rising titers in paired sera by the IIP test
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Table 2

The performance characteristics of the IIP test on acute sera testing

Likelihood ratios
HP test results (1)
. Sensitivity% | Specificity%
Tit
ners o) )
Positive Negative
TP| FP | TN | EN LR LR
_ 47.4 91.3 55 0.6
11100 ) 37 21 1 221 1 41 | 354588) | (87.7-04.9) 0 0
_ 33.3 94.6 6.2 07
1:200 1 26 | 13 | 229 | 46 | 5r5440) | (91.7-97.5) 0 0
. 29.5 100.0 o 07
1400 1 23 | 0 | 242 | 55 | (495398) | (100.0-100.0) 0 0
. 1.3 100.0 o 1.0
1800 % | 0 | 242 | 77 (0.0-3.8) | (100.0-100.0) 0 0
Note: TP = true positive, FP = false positive, TN = true negative, FN = false

negative, Cl = 95% confidence interval
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Table 3 The association between pre-test probabilities and post-test probabilities of the IIP test for the diagnosis of

human leptospirosis

Post-test probability of disease for different pre-test probabilities (%) |

Disease phase

pre-test pre-test pre-test pre-test pre-test pre-test pre-test pre-test

1.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

Acute phase:
- screening 52 (4.2)" |37.8 (27.8) | 57.8(37.8) | 70.1(40.1) | 78.5(38.5) | 84.5 (44.5) | 89.1(29.1) | 92.8 (22.8)
convalescent N
phase ;
-screening’ 10.3 (9.3) | 55.9(45.9) | 74.2(54.2) | 83.2(53.2) | 88.5(48.5) | 92 (42.0) 94,5 (34.5) | 96.4 (26.4)
-confirmatory” 44.6 (43.6) | 89.9(79.9) | 95.3(75.3) | 97.2(67.2) | 98.2(58.2) | 98.8 (48.8) | 99.2(39.2) | 99.5 (29.5)
Overall phase :
- screening 7.8 (6.8) 48.5 (38.5) | 68.2(48.2) | 78.6 (48.6) | 85.1 (45.1) | 89.6 (39.6) | 92.8 (32.8] | 95.2(25.2)
- confirmatory 452 (44.2) | 92.1(82.1) | 96.4 (76.4) | 97.9(67.9) | 98.6 (58.6) | 99.1(49.1) | 99.4 (39.4) | 99.6 (29.6)

Note :  * calculated values at likelihood ratios for P titer of 1: 100
** calculated values at likelihood ratios for [IP titer of 1: 400

* The incremental gain of the probabilities of a correct diagnosis (%)
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[able 4 The positive and negative predictive values of the [IP test for the diagnosis of human leptospirosis,

at various prevalence of disease

Diseass Prevalence of disease (%)
phase Prevalence Prevalence Prevalence Prevalence Prevalence Pravalence Prevalence
1.0% 10.0% 20.0% 30.0% 40.0% 50.0% 70.0%

PPV NPV PPV NPV PPV NPV PPV NPV PPV NPV PPV NPV PPV NPV

Acute phase:

0.5
94 | 378 |940 | 577 | 874 | 704 | 802 | 785 | 651 | 845 | 635 |927 427
-Screening. | (O-5¥ | (0.4) | (27.8) | (4.0) |(37.7) | (7.4) | (40.) | (10.2) | (38.5) | (12.3) [(34.5) | (13.8) | (22.7m) | (12.7)

Convalescent
phase : 445 | 1000 | 899 | 1000 | 953 | 1000 | 972 | 1000 | 982 | 1000 | 988 | 1000 | 995 | 1000
confirmatory” | 645) | (10) | (79.9) | (10.0) | (75.3) | (20.0) | (672) | (30.0) | (58.2) | 00) | (@88) | (50.0) | (295 | (70.0)

101

Overall

phase ; 51.5 99.8 g92.2 96.3 96.4 92.1 97.9 87.2 88,6 81.4 99.1 744 §9.6 255
- (50.5) (0.9 {82.2) (6.32) | (76.4) (12.1) (67.9) | (17.2) | (58.6) | (21.4) | (48.1) | (24.4) | (29.6) (55.1)
confirmatory

Note : PPV = positive predictive value; NPV = negative predictive value
* calculated values at the IIP titer of 1:100;  ** calculated values at the IIP titer of 1:400

* The incremental gain of the probabilities of a correct diagnosis (%)
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Abstract

The indirect immunoperoxidase (lIP)} test was compared to the
immunofluorescent antibody (IFA) test, using the microagglutination (MA)
test as a “gold standard”. With a study group that included 78 patients with
leptospirosis and 242 non-leptosprosis controls, the sensitivities of the two
tests in the acute phase were 47.4% and 44.9%, respectively, and the
specificities were 91.3% and 90.9%, respectively. In the convalescent
phase, the sensitivities and the specificities of the IIP and IFA tests were
both 100.0% and 98.8%, respectively. The two tests were highly correlated
(coefficiency correlation > 0.8 for all isotypes). There were no significant
differences in the measurement of anti-leptospiral antibodies for I1gG, IgM,
IgA, and total immunoglobulins (IgS) isotypes nor the clinical utility. Both
tests are most useful for the diagnosis of human leptospirosis. However, the
lIP test is practical for use as a routine service in hospitals that have limited

facilities.
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introduction

The dgtection of genus-specific leptospiral antibodies has been
suggested as useful test for the early diagnosis of human leptospirosis when
compared with the standard microagglutination (MA) test (1, 16). Several
serological teéts have been developed to detect leptaspiral antibodies with
reports of variable results (1-8). The main explanations given by those
reports were due to the differences in case definition (8), the spectrum of
disease controls used in the study (1, 4), timing of serum sample collection
(1, 9), a variety of leptospiral antibodieé detection 1o different leptospiral
antigens (1-8) or a combination of any or all of these factors (1-9).
Additionally, technical problems and the perspective of the test result

information might have limited the clinical utility of those published papers.

The various assays for the detection of leptospiral antibodies specific
to cell surface antigens detection by immunofiuorescent antibody (IFA) and
indirect immunoperoxidase (lIP) showed an earlier detection and a faster
declination when compared to the MA antibodies (1, 10). The IFA test has
been considered the routine standard serological assay but it is not widely
used because of the lack of fluorescence microscopes in leptospirosis
endemic areas (1, 8). Recenlly, the current authors have develdped and
evaluated the genus-specific leptospiral antibodies detacted by the lIP test to
investigate antibody isotypes and antibody levels independently (10, 11). it
has been suggested that the IIP test is most useful for the diagnosis of
human leptospirosis in patients with an intermediate range of prevalence of

a disease, e.g. 10-40% (10). Of importance is the IIP test can provide a
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permanent stained slide for re-examination, which is in contrast to the IFA
test that only remains for a few hours (12). This has lead to the facifitation of
the development of a quality assurance programme of the IIP test in
hospitals with limited facilities located in leptospirosis endemic areas. ideally,
a quality control programme must be performed at each level of the
laboratories operations. However, most laboratorie_s in leptospirosis endemic
area lack reports on quality assurance resuits. Relating to the diagnosis of
human leptospirosis by the IIP test, large laboratories or central govemment-
supported laboratories with more resources may offer references or inter-
laboratory comparisons for small laboratories with greater ease when-

compared to the other tests.

In general, the IFA and the related lIP are comparable assays and
accepted as the “gold standard™ test for diagnosis of scrub typhus, murine
typhus, other rickettsial diseases (13-14), and leishmaniasis (15). However,
a comparison evaluation of the IFA and [IP tests for the clinical utility of
human leptospirosis is limited. Thus, a comparative evaluation is further
required to support and expand the use of the lIP test as a routine test in_
those hospitals with limited facilities in the endemic leptospirosis area. The
present study describes a comparison of IP and IFA, using the MA test as
the “gold standard”, in the evaluation of performance characteristics, test
results perspectives and technical characteristics of the tests for the

diagnosis of human leptospirosis.
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Materials and Methods

Study Design
The study was conducted at Songklanagarind Hospital, Hat Yai,

Thailand between 2001 and 2003 with the approval of the Ethics Committee
of the Faculty of Medicine, Prince of Songkhia University. Only adults (>15
year old) patients who presented with acute (2-14 days) fever without signs
and symptoms suggestive of obvious foci of infection and had paired sera
were included in this study. Acute sera were collected from the patients
within a week of onset of iliness and the subsequent sera were taken 1-2
weeks later. These serum - samples were kept at -70°C before being
assayed. |

The definitive diagnosis of leptospirosis was defined as a patient who
had a four-fold or greater increase in the microagglutination (MA) titers (16).
Non-leptospirosis patients, who had negative MA tests in their paired sera,
were further differentially diagnosed based on serological assays for scrub
and murine typhuses and dengue infection. Patients with scrub typhus was
defined as having a four-fold or greater immunotiuorescent titers for O.
tsutsugamushi z 1:400. Murine typhus was defined as having a four-fold or
greater immunofluorescent titers for R. typhi 2 1:400. Dengue infection was
diagnosed in patients who had four fold or greater dengue hemaggiutination
titer = 1:1280 and/or positive dengue specific IgM 2 40 units/ml) (1). Those
who remained non-reactive to the above tests were labeled as having

unknown acute undifferentiated fevers.
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Cross-reactivity with other spirocheta! diseases was exammined using
sera from 35 patients with syphilis (Venereal Disease Research Laboratory
titer 2 1:8 and positive fluorescent treponemal absorption test)

Autocimmune serum samples obtained from 50 patients with autoimmune
diseases, who had positive rheumatoid factors =-20 IU/ml and positive anti-
nuclear antibodies, were also tested to determine whether the leptospiral
indirect immunoperoxidase test might be affected by non-specific anti-

immunoglobulins.

Microagglutination (MA) Test

The leptospiral agglutinins were testéd using the MA method (16)
against a battery of the following 23 Leptospiral interrogans serovars:
akayami A, ballico, bangkoki, bataviae, bratislava, bullum, canicola,
copenhageni, cellidoni, djasiman, grippotyphosa, hardjo, hebdomadis, hyos,
icterohaemorrhagiae, javanica, pomona, pyrogenes, rachmati, saigon,

sejroe, tarassovi, wolffi.

Immunofluorescent Antibody (IFA) Test
The IFA test used in this study was modified slightly from that which we

had previously described (1).

Indirect iImmunoperoxidase (liP) Test
The IIP test used in this study was previously described by the current

authors (10-11). The various conditions used for the assay were optimised
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before being assayed in the serum samples. A stained slide was mounted

with permount for keeping as a permanent slide.

Reproducibility of the IFA and HP Tests

To demonstrate the reproducibility of the IFA and liP tests, the same
medical technologists performed a repeat examination of 60 of the blined
serum samples two times for --intra—observation testing. Two medical
technologists independently examined the same serum samples on two

occasions for inter-observation.

Statistical Methods

Statistical parameters in terms of sensitivity, specificity, likelihood ratios,
and predictive values were calculated in accordance with Bayes Theorem
(17). For the degree of agreement between any two tests in classifying an
individual sample correctly was calculated using the kappa statistic (17). A

kappa value of more than 0.8 indicates excellent agreement between tests.
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Results

1. Leptospiral Genus-specific Antibodies Detected by the IIP and IFA
Tests

| One hundred and fourteen serum samples obtained from patients with
proven leptospirosis were tested for leptospiral antibedies by the 1IP and
IFA.

Both tests demonstrated a high correlation (correlation coefficient, r)
for the detection of leptospiral total immunoglobulins (1gS) (r=0.9), 19G
(r=0.8), IgA (r=0.9), and IgM (r=0.9) (data not shown). The agreement
between both tests for the detection of any feptospiral antibody isotypes was
excellent {17). There were no significant differences in the measurement of
anti-leptospiral antibodies for 1gG, I1gM, IgA, and total immunogiobulins (1gS)

isotypes (Table 1).

2. Assessment of the Performance Characteristics of the IFA and 1IP
Tests

The validities of the IFA and IIP tests were evaluated in patients with
leptospirosis (78) and non-leptospirosis controls (242), and the results
compared with that of the MA test. The optimat cut-off values of the lIP and
IFA have been characterised previously by the current authors at 1:100 for a
screening test and 1:400 for a confirmatory test in a single ‘serum sample
(10}

As the results show in Table 2; that generally, both the IFA and iiP

showed comparable results for the performance characteristics of the
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diagnostic assays. The respective sensitivities of the |FA and 1IP tests in the
acute phase were 44.9% and 47.4%, respectively, and the respective
specificities were 90.9% and 91.3%, respectively. The likelihood ratios of
positive results of the IFA and IIP were 4.9 and 5.5, respectively while the
negative results were 0.6 and 0.6, respectively.

in the convalescent phase, the sensitivities and the specificities of
the IFA and lIP tests were both 100.0% and 98.8%, respectively. The
likelihood ratios of positive and negative results of the IFA and lIP were both
80.6 and =, respectively. Both assays demonstrated seroconversion in all
the patients with leptospirosis.

When both acute and convalescent patient's sera were analysed
as a confirmatory test in a single serum sample, the sensitivities and the
specificities of the IFA and HP tests were both 658% and 99.4%,
respectively. The likelihood ratios of positive and negative results of the IFA
and |!P were both 106.2 and 0.3, respectively.

The magnitude of the leptospiral antibody titers of IIP was slightly

higher than those of IFA (data not shown).

3. Evaluation of the IFA and lIP as Test Results Perspectives

As the results show in Table 3, both the IFA and IIP tests showed
similar results from the test results perspectives in so far as the respective
positive predictive values as a sdreening test in the acute phase were 61.4%
and 63.8%, respectively, and the respective negative predictive values were

83.7% and 84.3%, respectively.
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In the convalescent phase, the positive predictive values and the
negative predictive values as a confirmatory test of the IFA and |IP were
both 96.3% and 100.0%, respectively.

When both acute and convalescent patient’'s sera were analysed as a
confirmatory test in a single serum sample, the positive predictive vaiues and
the negative predictive values of the IFA and lIP tests were both 97.2% and

90.0%, respectively.

4. Evaluation of the IFA and IIP as Technical Perspectives
4.1 Cross-reactivity

Cross-reactivities at a serum dilution of 1:100 were obtained from
patients with dengue infection (1.1%); patients with scrub typhus (22.6%);
and patients with unidentified acute pyrexia of origin (3.3%) in both assays.
In addition, cross-reactivity in patients with syphilis was observed in 22.9% of
the cases by both assays.

4.2 Effect of Serum Interference Substance by the IFA and IIP Tests

14.0% (7/50) of the sera from patients with autoimmune diseases
were reactive in both assays.
4.3 Reproducibility of the IFA and lIP Tests

Both of the IFA and lIP tests were reproducible as the intra-
observation testing had 100% agreement. The inter-observation of both
assays were 98.3% and 95.0%, respectively.
4.4 The Permanence of Test Results as Detected by the IFA and HIP

Tests
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To re-examine the test results as detected by the lIP test from a
permanent stained slide, we tested each sample (n=15) at a period time of 6,
12, 18, 24 months after an initial record. The P assay provided the same

results every time they were tested. in contrast to the IFA assay, the test

results remained for a few hours or a few days if stored in the dark at 4°C.
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Discussion

The results from this study have demonstrated that the |FA and IIP
tests were comparable for the detection of genus specific leptospiral
antibodies to cell surface antigens. Both tests can detect antibody isotypes
and antibody titers independently like the common ELISA techniques, but
the preparation of an antigen is easier (1, 10, 2, 7). Because the intact
leptospiral celis are used in both of the IFA and 1IP assays, the result is a
clear-cut reading of the end-point of the distinguished spirochaetal
morphology (1, 10-11). Thus, there is no need for highly skilled ﬁérsonnei to
perform the test. In conirast, the various extracted leptospiral antigens or
purified cloned leptospiral antigens used in the ELISA assays initially
required to standardise and perform an ELISA need skilled personnel and a
well equipped laboratory {2-4, 6-7). Although the ELISA and related ELISA
kit are commercially available, they are expensive and consequently they
are unaffordable by hospitals with only limited facilities in leptospirosis
endemic areas. Moreover, the results of those commercial tests that have
been applied in the endemic areas are still questionable (3, 4, 7). _

The other advantage of the IFA and IIP assays is that the
predominant infective serovars found in an area can be used to increase the
maximum sensitivity and it is also éasier to standardise the test than ELISA.
Alternatively, a broadly reactive genus-specific antigen derived from a
saprophytic leptospira biflexa plathoc I' can be used without the signiﬁcant

interpretation of the results (data not shown).
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Moreover, earlier studies have suggested that at least two ELISA
assays weré required to increase the maximum sensitive assay by using
either paired sera or simultaneous detection of leptospiral |gG and IgM
antibodies (2-3, 6). In confrast to the IIP or IFA, a single assay for lepiospiral
total (19S) antibodies has been documented as being a diagnostic tool than
the simultaneous assays for leptospiral 1gG, IgM, and/or IgA antibodies (1,
11) while the same results detected by ELISA have not yet been
documented. Thus, both IFA and I[IP assays are reproducible, more
economic and more applicable than ELISA especially in a routine service in
hospitals with limited facilities. o

The IFA and the related IIP are generally accepted as the “gold
standard” test for some other infectious diseases e.g. rickettsiosis (13-14),
leishmaniasis (15). However, the results of both assays in those rickettsial
diseases may be interpreted inconsistently because of a difference in the
antigen preparation that is used in the assays (13-14). This supposition is
unlikely to occur for the detection of leptospiral antibodies by the IFA and IIP
because of a clear-cut reading for the end-point of the distinguished
spirochaetal morphology (1, 10-11). Of irﬁportance is the persistence of the
IFA and 1lIP antibodies for leptospirosis which was up to five and a half
months (1, 11) while the {FA and HP antibodies for scrub typhus persisted for
many years after recovery (13). In an earier article the current authors
reported the liP test fo be most useful in patients with an intermediate
probability or prevalence of the disease, e.g. 10-50% (10). Based on the
similarity of the test results perspectives of both the IFA and IIP assays, it is

implied that the |FA test is also likely to be most useful for patients with an
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intermediate probability or prevalence of the disease, e.g. 10-50%. These
- results supported a potential use of the IFA and 1IP tests for being used as
an alternative standard assay for the diagnosis of human leptospirosis in
endemic area {8, 10).

However, the lIP test is considered to have an advantage over the IFA
test for routine use in the hospitals with limited facilities. Firstly, the lIP test
results can be read with an ordinary light microscope which will allow it to |
expand and be used as a routine service (12). Thus, the IIP is more
applicable in hospital with limited facilities. Secondly, the |IP provide a
permanent stairied slide for re-examination for at least two years. In our own
previous experience, a permanent stained slide for re-examination can last
at least 14 years (Appassakij, H., personal communication). As discussed
earlier, this advantage will promote the effective use as a routine test for
being used for a quality control, as an inter-laboratory comparison or as a
development of the network in the external quality assurance programme.
Thirdly, the IIP staining has the potential for a higher sensitive assay than
the IFA staining (12). This is because the enzyme labelied on antibody
conjugates (e.g. peroxidase-antiperoxidase conjugate, avidin-biotin
conjugate) can amplify a muiti-step of a continuous action on the enzyme-
substrate which results in a more amplified signal product at the site where
leptospiral antibodies bind on leptospiral antigens (12).

This study has demonstrated that both the IFA and IIP tests were
comparable. However, the [IP was more practical for use as a routine test in

hospitals with limited facilities.
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Table Summary-of the comparison of the ITP and IFA, using the MA

test as a gold standard, in the evaluation of test results perspectives

Characteristics of the tests IFA.,: est |IP°test
. (%) (%)
Under condition of “test results
perspectives” (prevalence = 24.4%)
: Acute phase (screening)
- positive predictive value 61.4% 63.8%
- negative predictive value 83.7% 84.3%
: Convalescent phase (confirmatory)
- positive predictive value 96.3% 96.3%
- negative predictive value 100.0% 100.0 %
: Overall phase (confirmatory)
- positive predictive value
97.2% 97.2%
- negative predictive value 90.0% 90.0%
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