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Abstract

Background

Leptospirosis is diagnosed on clinical grounds, and confirmed by microscopic agglutination

test (MAT). IgM-ELISA (Serion-Virion) and immunochromatography test (Leptocheck-WB)

are two immunodiagnostic assays for leptospirosis. Their sensitivity, specificity and applica-

bility in Sri Lanka have not been systematically evaluated.

Methods

Clinically diagnosed leptospirosis patients (n = 919) were recruited from three hospitals in

the Western Province of Sri Lanka, during June 2012 to December 2013. MAT, IgM-ELISA

and Leptocheck-WB were performed on all patient sera. MAT titer of�400 in single sample,

four-fold rise or seroconversion�100 in paired samples were considered as positive for

MAT. For diagnostic confirmation, MAT was performed during both acute and convalescent

phases. Anti-leptospiral IgM�20 IU/ml and appearance of a band in the test window were

considered as positive for IgM-ELISA and Leptocheck-WB test respectively. Patients with

an alternative diagnosis (n = 31) were excluded. Data analysis was performed using two

methods, i) considering MAT as reference standard and ii) using Bayesian latent class

model analysis (BLCM) which considers each test as imperfect.

Results

MAT, IgM-ELISA and Leptocheck-WB positivity were 39.8%, 45.8% and 38.7% respectively

during the acute phase. Acute-phase MAT had specificity and sensitivity of 95.7% and
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55.3% respectively, when compared to overall MAT positivity. IgM-ELISA and Leptocheck-

WB had similar diagnostic sensitivity when compared with acute-phase MAT as the gold

standard, although IgM-ELISA showed higher specificity (84.5%) than Leptocheck-WB

(73.3%). BLCM analysis showed that IgM-ELISA and Leptocheck-WB had similar sensitivi-

ties (86.0% and 87.4%), while acute-phase MAT had the lowest sensitivity (77.4%). How-

ever, acute-phase MAT had high specificity (97.6%), while IgM-ELISA and Leptocheck-WB

showed similar but lower specificity (84.5% and 82.9%).

Conclusions

Both IgM-ELISA and Leptocheck-WB shows similar sensitivities and specificities. IgM-

ELISA may be superior to MAT during the acute phase and suitable for early diagnosis of

leptospirosis. Leptocheck-WB is suitable as a rapid immunodiagnostic screening test for

resource limited settings.

Introduction
Leptospirosis is a globally widespread zoonosis caused by pathogenic spirochetes belonging to
the genus Leptospira[1]. An estimated 500,000 cases occur annually, with fatality range rising
up to 70% in different cohorts[2]. Leptospirosis is endemic to Sri Lanka, with outbreaks occur-
ring every four to five years. A large outbreak took place in 2008, with 7406 reported cases and
204 deaths, giving an incidence rate of 35.7 per 100,000 populations, and case fatality rate of
2.75%[3].

Human hosts commonly acquire infection through skin abrasions and mucosal surfaces fol-
lowing contact with water or soil contaminated with urine of infected rodents or other mam-
mals. Leptospirosis has a wide range of clinical manifestations, from a simple febrile illness to a
severe and potentially fatal illness characterized by acute kidney injury, liver derangement, pul-
monary haemorrhage, bleeding, and cardiac involvement. In most clinical settings, there is lim-
ited availability of specific diagnostic tests, and treating physicians often rely on clinical
features to make a probable diagnosis of leptospirosis. This is indeed a problem in areas of high
incidence of other infections with similar clinical picture, such as dengue, rickettsial infection,
malaria and hantavirus infections[4].

Laboratory diagnosis of leptospirosis is based on several methods: the microscopic aggluti-
nation test (MAT), detection of organism DNA by polymerase chain reaction (PCR), isolation
of the organism through culture methods, or detection of antibodies to the organism[5]. Isola-
tion of Leptospira spp. from clinical samples has low diagnostic sensitivity, requires specialized
expertise, and most importantly takes too long to be of use to the treating team[6]. Antigens
can be detected by histological, histochemical or immunestaining techniques and Leptospira
DNA by PCR. Unfortunately, none of these tests are currently suitable for routine laboratory
use, because of technical limitations and low sensitivity[5]. MAT is considered the reference
immunological test, and detects both immunoglobulin M (IgM) and immunoglobulin G (IgG)
class agglutinating antibodies. However, this test requires a high level of technical expertise,
and the maintenance of a large panel of live pathogenic Leptospira standard cultures. The use
of live Leptospira organisms also creates a risk of laboratory acquired infection to the labora-
tory technicians[7]. MAT also gives large number of false negative results in the early course of
infection, as IgM antibodies detectable by MAT appear after day 8 of the illness, reach the peak
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by the fourth week, and furthermore, detectable titers of serovar specific functional antibodies
may persist for several months[8–10]. MAT requires testing paired sera collected at appropri-
ate time intervals for an accurate interpretation of results. Thus, while it is of value for epidemi-
ological purposes, there are limitations in its value in the acute clinical setting. Currently, MAT
is routinely available only in a central reference laboratory in Sri Lanka, i.e., the National Refer-
ence Laboratory for Leptospira, Medical Research Institute (MRI), Colombo[11]. At the time of
conducting this study, only Leptospira biflexa serovar Patoc strain Patoc I was used by the
MRI.

There is thus a clear need for reliable and valid rapid diagnostic tests for leptospirosis which
can be made available to clinicians, in order to diagnose and treat leptospirosis during early
course of infection. The ideal diagnostic test for leptospirosis should have high sensitivity and
specificity during the acute phase, be widely available at reasonable cost, and give quick results.
Several other immunodiagnostics have been evaluated as alternatives to MAT, such as Ig M
detectable enzyme linked immune sorbent assay (IgM-ELISA), dot ELISA, indirect hemagglu-
tination assay (IHA), immunofluorescence assay (IFA), Leptospira dipstick test and Leptospira
immunochromatography test[12–14]. While these are relatively easier to perform when com-
pared with MAT, their diagnostic accuracies have not been fully established. IgM-ELISA shows
promise as an alternative to MAT, as many laboratories in tropical countries have facilities to
perform the test[15, 16]. Some studies have reported that IgM-ELISA has high sensitivity and
specificity[15, 17]. However, one study has been reported from Sri Lanka evaluating a commer-
cially available immunodiagnostic ELISA (InstitutVirion\Serion GmbH, Warburg, Germany)
kit showing very low sensitivity and specificity[18]. In this study, the acute phase IgM-ELISA
was compared with diagnostic confirmation based on a four-fold rise in titer between acute
and convalescent samples, and not against the immunological reference standard MAT. Lepto-
check-WB test is a commercially available immunochromatographic test which identifies IgM,
does not require any specialized laboratory facilities, and provides results within 15 minutes
[13]. Leptocheck-WB has been evaluated in limited studies.

Although MAT is usually considered the immunological ‘gold’ standard for diagnosis, as
mentioned above, MAT has inherent flaws. There has been much debate about the validity of
using MAT as an immunological gold standard for evaluation of rapid diagnostics[19]. Bayes-
ian latent class modelling, a statistical model which assumes that all tests are imperfect, has
been suggested as a more suitable method for evaluating diagnostic tests, including immuno-
diagnostics for leptospirosis[19–21].

In this study, we evaluated two commercially available tests detecting L. biflexa serovar
Patoc strain Patoc I specific IgM antibodies, and MAT detecting both agglutinating IgM and
IgG antibodies against only L. biflexa serovar Patoc strain Patoc I. We analyzed our findings
using two statistical models, i.e., taking MAT as the gold standard, and Bayesian latent class
modelling.

Methods
The Standards for the Reporting of Diagnostic Accuracy Testing (STARD) were adhered to in
this study (S1 Checklist)[22].

Study population
A total of 919 patients were enrolled in this study, from three hospitals in the Western Province
of Sri Lanka. The Western Province is the most highly populated province in the country, with
a square area of 3709 km2 and population of 5.72 million[23]. An analysis of hospital based
sentinel surveillance data of leptospirosis over 4 years in Sri Lanka has confirmed that of nearly

Comparison of Three Leptospirosis Diagnostic Tests

PLOS ONE | DOI:10.1371/journal.pone.0129236 June 18, 2015 3 / 12



4000 suspected cases, 47% were from this province[24]. The three Hospitals were the National
Hospital of Sri Lanka (NHSL), Colombo North Teaching Hospital (CNTH) and Base Hospital
Homagama (BHH). Patients were recruited from June 2012 to May 2014. Patients over the age
of 12 years, with a suspected diagnosis of Leptospirosis, admitted to the medical wards of these
hospitals were enrolled. A suspected diagnosis of leptospirosis was defined based on the
WHO-LERG epidemiological criteria[25], i.e., acute febrile illness with headache, myalgia,
arthralgia, conjuctival suffusion, meningeal irritation, anuria, oliguria, protreinuria, jaundice,
hemorrhages, cardiac arrhythmia or skin rash, or a contact history of exposure to water or soil
contaminated with urine of infected animals. Patients with a definitive alternative diagnosis on
presentation, such as dengue, pneumonia, meningitis, or other bacterial sepsis, and pregnant
women were excluded from the study. Data was collected by investigators who were not
directly involved in patient care. Demographic and clinical data and laboratory and other
investigation findings were collected until the point of discharge or death, using a structured
interviewer administered questionnaire.

Laboratory Methods
Five milliliters of blood were collected by sterile venepuncture and allowed to clot at 37°C, and
serum was separated by centrifugation at 800 g for 10 minutes. Leptocheck-WB and MAT were
performed immediately after recruitment. Sera were stored at -20°C until the performance of
IgM-ELISA. All enrolled patients who survived were requested to return for convalescent sam-
pling on day 21 from disease onset, during which 2 mL of blood taken for convalescent MAT.

Microscopic agglutination test. MAT was performed at the Reference Laboratory for
Leptospirosis, Medical Research Institute, Colombo employing standard procedure[26]. Live
organisms of L.bilfexa serovar Patoc strain Patoc I were cultured and maintained in EMJH
(Ellinghausen- McCullough-Jonson-Harris) liquid media at room temperature. Serially diluted
from the dilution of 1:100, serum specimens were added to the live Leptospira cell suspension
in 96well round bottomed microtiter plates, and incubated for two hours at 37°C. Agglutina-
tion was examined under a magnification of 20X using dark field microscopy. The reciprocal
of the highest dilution agglutinating at least 50% of the Leptospira organisms, was considered
as the reporting titer. Single acute MAT positivity was defined as a titer of�400. Final MAT
positivity was defined as a titer of�400 in single sample, sero-conversion from negative to a
titer�100 or a four-fold rise in titer in paired (acute and convalescent) samples[25, 27].

Immunochromatography test. Leptocheck-WB (Zephyr Biomedicals, India) test was per-
formed according to manufacturer’s instructions[28]with a small modification. Five drops of
running buffer were added following the addition of 20 μL serum to the test window. Although
the manufacturer’s instructions state that 10 μL of serum should be added, we performed a pre-
liminary study with a small number of samples using both 10 μL and 20 μL of serum which
demonstrated that the positive bands were persistent with 20 μL of serum without altering the
actual result. Results were read visually after 15 minutes of incubation at room temperature.
Anti-human IgM colloidal gold conjugate forms a complex with IgM antibodies in the sample
while it flows through the membrane assembly of the test device. Antigens from L. biflexa sero-
var Patoc strain Patoc I are coated on the window 'T' of membrane capture, and immobilize
the antibody-conjugate complex if present in the sample. This forms a red color band at the
test region 'T'. The un-reacted conjugate and the unbound complex, if any, along with rabbit
globulin colloidal gold conjugate move further on the membrane and are subsequently immo-
bilized by the anti-rabbit antiserum coated at the control region 'C' of the membrane assembly,
forming a red color band. Presence of bands in the test and control windows was read as posi-
tive, while absence of a band in the test window with the presence of control band was read as
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negative. Absence of a band in the control window was read as invalid test and test was
repeated.

IgM-ELISA. IgM-ELISA (InstitutVirion\Serion GmbH, Warburg, Germany) was per-
formed according to manufacturer’s instructions[29]. Briefly, rheumatoid factor (RF) absor-
bent was diluted 1:4 in dilution buffer to obtain RF dilution buffer. This ELISA uses crude
antigens from an isolated, concentrated and partially purified extract of L. biflexa serovar Patoc
strain Patoc I, which contains genus specific epitopes for all Leptospira serovars. Sera sample
was diluted 1:100 in RF dilution buffer and incubated for 15 minutes at room temperature.
This is performed for the removal of IgM rheumatoid factors. Standards and diluted samples
were transferred to the microtiter wells and incubated at 37°C for 60 minutes in a moist cham-
ber. Residual serum was removed from the wells by washing four times with the wash buffer;
anti-human IgM conjugated to alkaline phosphatase was added and incubated at 37°C for 30
minutes in a moist chamber. Wells were washed four times with the wash buffer; substrate p-
nitrophenyl phosphate was added and incubated at 37°C for 30 minutes in a moist chamber.
Sodium hydroxide was added and the enzyme substrate reaction was stopped for the readings.
Optical density against the substrate blank was read at 405 nm and at a background of wave-
length of 650 nm. Each kit was performed with a negative control, positive control and cut-off
calibrator (standards) in duplicate. Absorbance reading of the above in a test obeying the speci-
fications of the Serion ELISA indicates that the test is valid. Results were obtained using the
evaluation table provided along with the kit. Interpretation of results for Serion ELISA classic
Leptospira IgM was as follows: anti-leptospiral IgM<15 IU/ml gives a negative result suggest-
ing no evidence of a recent infection, 15–20 IU/ml gives a borderline result suggesting that may
be a recent infection and�20 IU/ml gives a positive result which is interpreted as a recent or
current infection.

All sera with a positive result for any of the above tests were tested for hantaviral infection,
using a commercially available IgM-ELISA kit (InstitutVirion\SerionGmgH, Warburg, Ger-
many). The assay was performed according to the manufacturer’s instructions[30]. Results
were obtained using the evaluation table provided along with the kit. This provided quantities
of anti-hantaviral IgM in IU per mL and qualitative results: negative (<10 IU/mL) result sug-
gesting no evidence of recent infection, borderline (10 to 15 IU/mL) result suggesting possible
recent infection, and positive (�15 IU/mL) result suggesting a recent or current infection. Bor-
derline results of both ELISAs were considered as negatives. Hantaviral IgM positives were
excluded from the analysis.

Ethics approval
Ethics approval was obtained from the Ethics Review Committee of the Faculty of Medicine,
University of Colombo (EC-12-056). Patients were recruited to the study after obtaining
informed written consent from the patient, next of kin or care-takers when patients were
severe. Informed written consent was obtained from parents or guardian on behalf of patients
aged below 18 years.

Statistical analyses
Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) ver-
sion 17.0. We considered positive MAT under two circumstances: a) MAT during the acute
phase of illness, a titer of�400 (Acute MAT), and b) either acute MAT, or a four-fold rise in
MAT titer between acute and convalescent samples, or seroconversion on MAT to a titer of
�100 (Final MAT). Patients positive on ‘Final MAT’ were considered true positives for lepto-
spirosis for the purpose of gold standard analysis. First, the diagnostic accuracy of ‘acute MAT’
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was evaluated with ‘final MAT’ as gold standard, where data was available. Next, sensitivities,
specificities, positive and negative predictive values of Leptocheck-WB and IgM-ELISA were
calculated with the ‘final MAT’ as the gold standard. Finally we compared both ‘Acute MAT’
and ‘Final MAT’ separately with IgM-ELISA and Leptocheck-WB using Bayesian latent class
modelling. The MICE tool (Modelling for Infectious Disease Centre, Mahidol-Oxford Research
Unit)[31, 32] was used to perform Bayesian latent class modelling.

Results
We enrolled a total of 919 patients with acute fever and a suspected diagnosis of leptospirosis
(NHSL-689, BHH -165, CNTH -34). Of these, 31 patients were excluded from the analysis as
they were diagnosed as having dengue, typhoid fever, and sepsis or hantaviral infection. Data
of 888 patients were included in the final analysis. The male to female ratio was 9:1. Mean age
was 42 years (SD±16). Samples were collected at median of 6 days (SD±3.58) after the onset of
symptoms. Follow-up samples were received from 255/888 patients. The baseline characteris-
tics of the patients are shown in Table 1. Further details about participants and diagnostic
assays are shown in Fig 1.

Positivity based on MAT
Based on the criteria considered as MAT positivity (i.e., either titer of�400 in single sample, or
seroconversion from negative to a titer�100, or a four-fold rise in titer in paired samples), a
total of 354 (39.8%) patients were MAT positive, out of the total of 888 patients included in the
final analysis. Of these, 293 patients had a single MAT positive, and another 61 patients were
positive based on paired MAT.

Table 1. Baseline demographic and clinical profile of enrolled patients.

Characteristic Baseline data

Age, Mean ±SD; (Range) 41.7 ±15.6; (13–80)

Male: Female Ratio 9:1

Exposure to contaminated water

Yes 597

No 256

Occupation

Farming 119

Other 614

Unemployed 120

Fever 888

Headach 760

Myalgia 778

Nausea and vomiting 459

Conjuctival suffusion 416

Jaundice 196

Acute kidney injury 304

Hemorrhage 225

Lung involvement 12

ICU admissions 35

Received haemodialysis 139

Deaths 26

doi:10.1371/journal.pone.0129236.t001
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Accuracy of single acute MAT
Using the subset of patients who had both acute and convalescent samples analyzed (n = 255),
we compared the accuracy of a single MAT performed during the acute phase of illness
(defined as Acute MAT), against Final MAT (i.e., positivity or negativity based on any of the
three MAT criteria). In this cohort, 93 were MAT positive in the acute phase, and 161 were
positive for when convalescent samples were considered (Table 2). Acute MAT had a sensitiv-
ity of 55.3%, specificity of 95.7%, a positive predictive value (PPV) of 0.95 and a negative pre-
dictive value (NPV) of 0.55. While MAT is a highly specific test, it lacks sensitivity during the
acute stage of infection.

IgM-ELISA and Leptocheck-WB compared with MAT positivity as gold
standard
Using a single acute MAT (Acute MAT) as a reference standard, 33% of patients in the cohort
had confirmed leptospirosis. Leptocheck-WB had a sensitivity of 84.6% while IgM-ELISA had
a sensitivity of 86.0% (Table 3) (S1 and S2 Tables); there was no significant difference in sensi-
tivity between the 2 methods. The specificity of IgM-ELISA [84.5% (81.3%-87.3%)] was signifi-
cantly higher than that of Leptocheck-WB [73.3% (69.5%-76.8%)]. When a combination of
acute samples and paired samples for MAT (i.e., Final MAT) were considered, the proportion
of confirmed leptospirosis increased to 43.4% (39.5%-47.5%). There was a significant reduction
in the sensitivity of leptocheck-WB test. However, IgM-ELISA retained good levels of sensitiv-
ity or specificity.

Fig 1. Flowchart showing the participants and the results of leptospirosis diagnostic tests
microscopic agglutination test (MAT), Leptocheck-WB and IgM-ELISA.

doi:10.1371/journal.pone.0129236.g001

Table 2. MAT during the acute phase compared with overall MAT positivity.

MAT Test Positive Negative Sensitivity (%) Specificity (%)

Acute MAT 93 162 55.3 95.7

Final MAT 161 94 100 100

Acute MAT defined as MAT performed on acute serum sample. Final MAT defined as positivity or negativity based on acute MAT, acute and convalescent

samples, or seroconversion, and used as the reference standard. Positive and negative values are given as absolute numbers.

doi:10.1371/journal.pone.0129236.t002
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Bayesian latent class modelling for MAT, IgM-ELISA and Leptocheck-
WB test
Based on the proportion of patients diagnosed with leptospirosis among this group of patients
being 0.41 (0.37–0.45), and using only acute samples (i.e., acute MAT), sensitivities of MAT,
Leptocheck-WB and IgM-ELISA were 77.4% (71.8%-82.3%), 87.4% (83.0%-91.3%) and 86.0%
(81.4%-89.7%), respectively, and specificities were 97.6% (95.6%-99.2%), 82.9% (79.1%-86.1%)
and 84.5% (81.3%-87.3%), respectively.

The proportion of patients diagnosed with leptospirosis among this group of patients using
both acute and paired samples was 0.43 (0.39–0.47). Sensitivities of MAT, Leptocheck-WB and
IgM-ELISA were 85.4% (80.6%-89.6%), 86.2% (81.5%-90.0%) and 86.9% (82.2%-90.0%)
respectively; the specificities were 94.3% (91.2%-96.8%), 84.3% (80.3%-87.7%) and 97.5%
(95.1%-99.7%) respectively.

Discussion
Early and definitive diagnosis of leptospirosis is important to guide the clinician to commence
appropriate treatment, and prioritize resource allocation for management of complications.
Although MAT is generally considered the immunological gold standard, our analysis shows
that MAT has poor sensitivity when performed early; the use of both acute and convalescent
samples increases the sensitivity of MAT as a test to diagnose leptospirosis. Bayesian latent
class modelling also demonstrated that the sensitivity of MAT was relatively low, but increased
when considering both acute and convalescent samples. Historically, MAT is used as the

Table 3. Prevalence, sensitivities, specificities and positive and negative predictive values of Leptocheck-WB and IgM-ELISA using the MAT as
gold standard and Bayesian latent class models.

MAT as gold standard (%)* Bayesian latent class model (%)+

Parameters Acute only Acute or Paired Acute only Acute or Paired

Prevalence 33.0(29.9–36.2) 43.4 (39.5–47.5) 40.8 (37.0–44.9) 43.4 (39.5–47.5)

MAT

Sensitivity 100 100 77.4 (71.8–82.3) 85.4 (80.6–89.6)

Specificity 100 100 97.6 (95.3–99.2) 94.3 (91.2–96.8)

PPV 100 100 95.6 (91.7–98.6) 92.0 (87.6–95.7)

NPV 100 100 86.2 (82.0–89.6) 89.4 (85.3–92.6)

Leptocheck-WB Test

Sensitivity 84.6 (79.9–88.5) 80.8 (76.2–84.7) 87.4 (83.0–91.3) 86.2 (81.5–90.0)

Specificity 73.3 (69.5–76.8) 76.9 (73.0–80.4) 82.9 (79.1–86.1) 84.3 (80.3–87.7)

PPV 60.9 (56.0–65.7) 70.3 (65.5–74.6) 77.8 (72.9–82.4) 80.8 (75.8–85.1)

NPV 90.6 (87.6–93.0) 85.6 (82.0–88.5) 90.5 (86.6–93.5) 88.8 (84.6–92.2)

IgM-ELISA (Virion\Serion)

Sensitivity 86.0 (81.4–89.7) 80.2 (75.6–84.2) 86.0 (81.4–89.7) 86.9 (82.2–91.0)

Specificity 84.5 (81.3–87.3) 88.5 (85.4–91.1) 84.5 (81.3–87.3) 97.5 (95.1–99.7)

PPV 73.3 (68.2–77.8) 82.6 (78.0–86.3) 73.3 (68.2–77.8) 96.4 (92.5–99.5)

NPV 92.5 (89.8–94.5) 86.9 (83.7–89.6) 92.5 (89.8–94.5) 90.6 (86.9–93.7)

*Gold standard model assumed that MAT is perfect (100% sensitivity and 100% specificity; all patients with gold standard test positive are diseased and

all patients with gold standard test negative are non-diseased). MAT titer � 400 was considered to be positive. Values shown are estimated means with

95% confidence interval.
+Bayesian latent class model assumed that all tests evaluated are imperfect. Values shown are estimated median with 95% credible interval.

doi:10.1371/journal.pone.0129236.t003
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reference standard for the serological assays and widely used for the confirmation of the dis-
ease. However, our study suggests that MAT is an imperfect gold standard for the early detec-
tion of leptospirosis. MAT detects agglutinating antibodies of both IgM and IgG classes. These
functional antibodies take 1–2 days longer than the appearance of Leptospira genus specific
IgM antibodies. The period for which IgM and IgG antibodies detected by MAT persist follow-
ing acute infection is a subject of controversy. Infection with certain types of serovars, have
been shown to produce longer lasting immunity, such as the Autumnalis serogroup[10].
Nonetheless our study showed high specificity with acute MAT. HoweThus, MAT is useful as a
confirmatory test, and for epidemiological purposes.

In our study, the Patoc-1 genus specific strain was used in all three tests (MAT, Leptocheck-
WB and IgM-ELISA) that were evaluated. As discussed elsewhere, genus specific antibodies
appear earlier than serovar specific antibodies. So at the acute stage of infection, genus specific
tests, especially IgM detecting assays are expected to give positive results while serovar specific
tests are still not able to detect the antibodies.

The gold standard analysis of our study was compared with the other studies (Table 4). In
previous studies, Serion IgM-ELISA’s sensitivity ranges from 48% to 100% and specificity
ranges from 88.6% to 98%. Leptocheck-WB test’s sensitivity ranges from 78 to 93.81% and
specificity ranges from 86.81 to 98%. These results show a correlation with the results of our
present study.

High sensitivity and specificity of IgM-ELISA during the acute phase of illness using single
sample, make Leptospira genus specific IgM detecting ELISA suitable for both early as well as
definitive diagnosis. This test also gives high PPV and NPV during the early phase of infection.

Leptocheck-WB also has a high sensitivity and reasonable specificity. It is easy to perform,
rapid method that takes only 15–20 minutes, and does not require any special equipment. In
comparison, IgM-ELISA has several steps in its procedure, requires a technically skilled person,
takes about 4 hours to perform, and requires an ELISA plate reader. Leptocheck-WB test gives
consistent results, and the deep color bands, which are stable for more than 12 months. Kit
contents are stable and can be transported and stored at ambient temperatures, and are small,
portable packages. In our study, the approximate cost per specimen for IgM-ELISA was US $
3.4 whereas Leptocheck-WB cost was only approximately US$ 1.9. The higher sensitivity and
NPV of Leptocheck-WB, together with its lower cost and ease of use, suggests that it would be
useful as a screening test. The higher specificity, sensitivity, PPV and NPV of IgM-ELISA sug-
gest that IgM-ELISA is appropriate for confirmation and definitive diagnosis, and may be
superior to MAT, especially during the acute phase of illness.

One limitation of our study was the use of L. biflexa serovar Patoc strain Patoc I as the base
for all three diagnostic tests. At the time of conducting this study, this was the only strain for
which MAT was available in the reference laboratory in Sri Lanka. Our future studies will
incorporate testing against a panel of serovars.

Table 4. Results of the study in comparison with other studies.

Reference Sample size Sensitivity Specificity

IgM-ELISA Panwala et al [13] 130 93.8 90.1

(Virion\Serion) Kucerova et al [33] 45 100.0 88.6

Effler et al [34] 344 48.0 98.0

Present study 888 86.9 97.5

Leptocheck WB test T Panwala[13] 130 93.8 86.8

MG Goris[35] 197 78.0 98.0

Present study 888 86.1 84.5

doi:10.1371/journal.pone.0129236.t004
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Conclusion
MAT is an imperfect gold standard serological test for early diagnosis; its high specificity
makes it a useful tool for confirmatory diagnosis, however it lacks sensitivity for use in diagno-
sis of acute illness. MAT would be an important tool for epidemiological purposes, such as
identification of infecting serovars, and also to identify the prevalent serovar during an out-
break. IgM-ELISA (InstitutVirion\SerionGmgH, Warburg, Germany) is suitable for early and
definitive diagnosis of acute leptospirosis. Leptocheck-WB test is suitable as a screening test for
use in resource-limited settings. Our results reiterate the importance of proper evaluation of
serological diagnostics[19] using statistical models that assume that all tests are imperfect.
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