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ABSTRACT

Leptospirosis is caused by spirochete bacteria of the genus Leptospira that
includes a large number of species. The disease has caused a major public health
problem in Thailand. The annual reported cases have been increasing in Thailand
since 1996. The source of infection in humans and animals has been studied by
identification of Leptospires isolated from patient and animal specimens by the
reference serological method, cross agglutination absorption test (CAAT). However,
this method is laborious. Therefore, this study attempted to develop a rapid
serological test for identification of leptospires into serogroups.

A monoclonal antibody-based latex agglutination test (LAT) was previously
developed. Sixteen clones of in-house monoclonal antibodies specific to 15
serogroups of pathogenic Leptospira interrogans which were prevalent in Thailand
during the past ten years and a non-pathogenic Leptospira biflexa were sensitized onto
latex particles. The latex agglutination was performed for only 5 minutes. Evaluation
of the panel latex reagents was evaluated with 125 leptospires isolated from rats’
kidneys and 113 leptospires isolated from patients’ blood samples. The identity of
serogroups/serovars of these isolates was compared with the CAAT method. The
results showed that latex agglutination gave 100% correlation with CAAT method
(Kappa value = 1.00) when leptospires isolated from rats’ kidneys were identified.
However, the established latex reagents gave 99.11% of specificity and 100% of
sensitivity compared with CAAT method (Kappa value = 0.99) when leptospires
isolated from patients’ blood samples were identified. These established panel latex
reagents are very useful for rapid identification of leptospiral serogroups.

KEY WORDS: LEPTOSPIROSIS/LEPTOSPIRA/ IDENTIFICATION/
MONOCLONAL ANTIBODY/LATEX AGGLUTINATION
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CHAPTER I

INTRODUCTION

Leptospirosis is a zoonotic disease caused by spirochete Leptospira
interrogans which is an important cause of morbidity and mortality for both animals
and human living in tropical and subtropical regions. The clinical manifestations may
be mild and self limiting or severe syndrome of multiorgan infection with high
mortality and fatality rates. This disease was a major public health problem in
Thailand during the last ten years. The highest annual reported cases, 14,285, in
Thailand was in 2000. The causative serovars were identified by microscopic
agglutination which indicated the prevalence antibodies specific to leptospires in a
panel antigens. However, cross-reaction between serogroups or serovars are common
in which the initial immune response is directed to a heterologous serogroup or
serovar (1-3). This non specific reaction is paradoxical reaction that may occur in up
to 50% of cases (3). A narrow range of serogroup is represented in the panel of
antigens used in the MAT, which may further reduce the ability of the serologic
analysis to accurately predict the infecting serogroup (4, 5). Moreover, the potential of
over interpretation of serologic data is much greater if acute or early convalescent
phase serum samples are available for testing (2).

Leptospiral identification is based on serological typing or molecular typing.
The former one is the reference method. Many groups of researchers have been tried
to develop the molecular typing methods. However, up to now over 200 serovars
which are identified by serotyping can not be classified properly by the molecular
methods.

Leptospires are classified by serotyping into 2 species, L. interrogans and L.
biflexa which are correlate to pathogenic and non pathogenic leptospires, respectively.
No reference laboratory in Thailand has been developed the CAAT. Because the test is
laborious to identify leptospires, the isolated bacteria have to deliver to the WHO
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reference laboratory centre such as WHO/FAO Collaborating Center for Reference
and Research on Leptospirosis, Center for Public Health Science, Queensland,
Australia and some isolates die or contaminate during transfer to the lab and the
CAAT can not identify these kinds of samples.

In this study, a simple identification method was developed. Sixteen
monoclonal antibodies specific to leptospires that were commonly reported in
Thailand during the past ten years were produced, partially purified and sensitized
onto latex particles. The monoclonal antibody-based latex agglutination test (LAT) is
simple, inexpensive, rapid and no requirement of complicate instrument. In adding,
LAT can identify frozen samples or slightly contaminated samples. The test was
evaluate for its sensitivity and specificity comparing with the reference CAAT using
leptospires isolated from rats’ kidneys and patients’ blood samples. The stability kept
at 4 °C was also evaluated for at least a year. Inaddition, the minimum bacteria that
required for agglutination were also analyzed.

The developed identification test is the first test developed for rapid serological
typing. The identification can be performed in any laboratories even in rural area. The
knowledge of the prevalent serovars/serogroups and their maintenance hosts is
essential to understanding the epidemiology of the disease, vaccine and diagnostic test

development in Thailand.
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CHAPTER 11
OBJECTIVES
The objectives of this study are:
1. To develop a panel latex reagents by using in-house monoclonal antibodies for

rapid serological identification of the isolated leptospires.

2. To evaluate the efficacy of a panel latex reagents for the identification of the
isolated leptospires comparing with cross agglutination absorption test

(CAAT).
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CHAPTER III
LITERATURE REVIEWS

Genus Leptospira

Leptospira 1s spirochete of the family Leptospiraceae, order Spirochaetales (6).
Observation under darkfield microscopic, leptospires are motile, thin, flexible
helicoidal organisms with a length of 6-20 um and diameter of 0.1-0.15 um, and often
hooked at one or both end. Leptospires are obligate aerobic bacteria with an optimum
growth temperature of 28 to 30 °C. Leptospiral structures compose of axial filaments
called endoflagella which wound around in the insertion pore of the protoplasmic
cylinder that cause them highly motile. The protoplasmic cylinder consists of cell wall,
cytoplasmic membrane, and cytoplasmic contents within an outer envelope. The outer
envelope is a triple-layered structure composed of proteins, lipopolysaccharide (LPS),
and lipids (7). Leptospiral LPS has a composition similar to other gram-negative
bacteria (8). The genus Leptospira is divided into two species by serotypic
classification as L. interrogans and L. biflexa. L. interrogans comprise all of
pathogenic strains over 200 serovars that are grouped into 24 serogroups (Table 1) and
L. biflexa composed of nonpathogenic strains over 60 serovars that are grouped into 3
serogroups (Table 2) (1). By using genotypic classification, the genus Leptospira can

be classified into 18 genomospecies (Table 3)(9, 10).



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Immunology) / 5

Table 1 List of Leptospira interrogans serogroups and number of their
strains
No. Serogroup Number of strains
1 Australis 15
2 Autumnalis 16
3 Ballum 7
4 Bataviae 15
5 Canicola 16
6 Celledoni 5
7 Cynopteri 3
8 Djasiman 4
9 Grippotyphosa 11
10 Hebdomadis 23
11 Icterohaemorrhagiae 26
12 Javanica 18
13 Louisiana 3
14 Lyme 1
15 Manhao 5
16 Mini 10
17 Panama 3
18 Pomona 15
19 Pyrogenes 20

20 Ranarum 3
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Table 1 List of Leptospira interrogans serogroups and number of their

strains (continued)

No. Serogroup Number of strains
21 Sarmin 5
22 Sejroe 27
23 Shermani 5
24 Tarassovi 24

The data from http:// dfp.univ.trieste/spirolab/leptostrains.html

Table 2 List of Leptospira biflexa serogroups and number of their strains
No. Serogroup Number of strains
1 Andaman 1
2 Codice 1
3 Semaranga 3

The data from http:// dfp.univ.trieste/spirolab/leptosapro.html
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Table 3 List of genomospecies, number of their strains and their major
serogroups
No. Species Number of Major serogroups
strains
1 L. alexanderi 5 Hebdomadis, Manhao
(genomospecies 2)
2 L. biflexa® 3 Andamana
3 L. Borgpetersenii 16 Ballum, Javanica, Sejroe,
Tarassovi
4 L. fainei® 5 Hurstbridge
5 L. inadai*® 6 Lyme, Manhao
6 L. interrogans 28 Australis, Autumnalis, Canicola,
Sejroe, Icterohaemorragiae,
Pomona, Pyrogenes,
7 L. kirschneri 6 Autumsnalis,Grippotyphosa,
Icterohaemorragiae
8 L. meyeri® 2 Javanica, Mini
9 L. noguchii 8 Australis, Icterohaemorragiae
10 L. santarosai 28 Hebdomadis, Mini, Pyrogenes,
Sejroe, Tarassovi
11 L. weilii 6 Cellidoni, Javanica, Tarassovi
12 L. wolbachii® 2 Codiac, Semaranga
13 Leptonema illini® 2 Leptonema
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Table 3 List of genomospecies, number of their strains and their major

serogroups (continued)

No. Species Number of Major serogroups
strains
14 Turneria pava"® 1 Tuneri
15 genomospecies 1* v Saprophytic serogroup Ranarum
16 genomospecies 3° 1 Saprophytic tentative serogroup
Holland
17 genomospecies 4 1 Icterohaemorrhagiae
18 genomospecies 5° 1 Saprophytic serogroup Ranarum

Reported by Faine et al.(6) and Brenner et al.(9)
* Pathogenic status not clear

® Saprophytes/other genera
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Leptospirosis

Leptospirosis is an acute febrile illness occurring in humans and animals
worldwide. The disease is caused by pathogenic Leptospira interrogans. High
prevalence of leptospirosis is found in tropical countries which support the growth and
transmission of leptospires. Other associated factors are such as occupational risk,
poor sanitation system in both urban and rural areas, high seasonal rainfall, flooding
and population density of reservoir host. Infection of animal or human occurs from
contact with urine or other products of the leptospiral carrier, as well as contaminated
water, soil, and mud in environment (11). The entry site of leptospires is through
abrasions or cuts in the skin or via the conjunctiva and mucous membranes of the
respiratory tract (12). The carriers may be wild or domestic animals, especially
rodents, cattle, pigs, and dogs. Often infected animal has asymptomatic or mild
symptoms and sometimes cause loss in productivity through abortion, stillbirth or loss
of milk production. Leptospirosis in human varies in severity according to the
infection serovar of Leptospira, age, health, and nutrition of patient. The symptom
ranges from a mild influenza-like illness to severe renal, hepatic failure, myocarditis,
hemorrhages, and death (Weil's disease). A larger proportion of infection is mild type,
and few cases present severe symptoms. However, serological studies in Nicaragua
epidemic area and during an outbreak in Thailand in 1995 founded that asymptomatic
infections occurred in 60-70% of all serologically identified infection (13, 14).
Clinical diagnosis of Leptospirosis in human requires the confidence of current
supported by laboratory confirmation because the symptoms alone may be confuse
with other infection diseases such as influenza, dengue hemorrhagic fever, malaria,
rickettsiosis, viral hepatitis, and etc (1). Treatment of leptospirosis differs depending
on the severity and duration of symptoms at time of presentation. Patients with mild
flu-like symptoms require only symptomatic treatment but should be cautioned to seek
further medical help if they develop jaundice. Patients who present with more severe
an icteric leptospirosis will require hospital admission. The antibiotic treatment by

using Penicillin, Oxytetracycline, and Doxycycline were reported (1).
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Epidemiology

Leptospirosis is particularly prevalent in warm humid countries. Based on
global data collected by the International Leptospirosis Society (ILS) surveys, there
are currently 350,000 to 500,000 severe cases of leptospirosis annually (15). Case-
fatality rates in different parts of the world have been reported to range from < 5% to
30% (12). However, this is probably an underestimation of leptospirosis because
worldwide surveillance is incomplete. Surveillance and notification is notably absent
in some countries that have environmental condition are favorable for a high incidence
of leptospirosis. Currently leptospirosis is recognized as a globally emerging disease
with marked increased number of cases and frequent outbreaks in South East Asia and
Latin America.

Leptospirosis is zoonotic disease, which worldwide distribution. The disease is
maintained in nature by persistent colonization of renal tubules of carrier animals. An
infected animal can remain symptom-free and shed infectious organisms in the urine
for its entire life time (6, 16). The important maintenance hosts are rodents, which
transfer several serovars of pathogenic leptospires to other animals and humans in both
of rural and urban area in tropical or temperate region (17-19). Distinct variation in
maintenance hosts and the serovars they carry occur throughout the world, so the
knowledge of the prevalent serovars and their maintenance hosts is essential to
understanding the epidemiology of the disease in any regions. The prevalence
serogroups/serovars in patients and animals were studied in many countries by
microscopic agglutination test (MAT) and other methods (Table 4, 5) (15).

Recently, the disease has become an urban problem of the developing countries
because the poor people in rural areas have moved to cities and live in urban slum
where rack of basic sanitation which produced the ecological conditions for rodent-
borne transmission (18, 19). For example in Brazil where they found more than 10,000
cases of severe leptospirosis annually due to cyclic rainfall-associated urban epidemic
area (18, 20-22), and in Peru found 12% of 195 urban slum residents had serologic
evidence for a new infection during flood season (19). Investigation in Asia (13, 23-
26) and Latin America (18-22, 27) provide evidences that leptospirosis has become an

important public health problem.
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Epidemiology of Leptospirosis in Thailand has been reported two periods, the
first period started from 1942 to 1995 and the second period from 1996 to present. The
disease was first reported in 1942 by Yunibandhu ez al. (28). In 1972, leptospirosis
was included as one of 58 reportable infection diseases under The National Passive
Surveillance System. From 1972 to 1981, 10 to 20 leptospirosis cases were reported
per year. The number of reported cases during 1982 to 1995 were increase to 55 - 272
cases (approximately 0.3/100,000 population)(www.moph.go.th). The second period
outbreak was reported the increasing of the incidence cases (Figure 1A), morbidity,
and mortality rates (Figure 1B). The disease shows a seasonal fluctuation with most of
the cases occurred during June to December and the peak is between September and
October each year. Over 50% of the cases were reported from Northeastern region.
Common symptoms including fever, myalgia, headache, conjunctival suffusion, and
meningism are reported (29). The most common serious complications jaundice and
renal impairment were reported and case-fatality rate was around 10%. The
epidemiological or serosurveillence studies based on MAT showed high titer of
specific antibodies in patients’ sera. However, this method needs the pair serum
specimens for accurate interpretation of current infection. Acute sera from patients
living in an endemic area have background of antibody titre specific to leptospires and
these specific antibody can cause nonspecific reaction with another leptospiral
serogroup. The strains of leptospires that are included in panel antigens are important
for serosurveillance study. The causative serogroup that were not included in the panel
antigens may result in false negative, and using the different causative serogroup in
each panel antigens of each researcher group may give incorresponding results. In
1960s, the serosurveillance of Thai population were serovars Bataviae,
Icterohaemorrahgiae, and Grippotyphosa (29). Epidemic in the late 1990s were found
serovars Bratislava, Sejroe, and Pyrogenes as the major cause of leptospirosis (30-33).
During  1996-1997, they  demonstrated that  L.interrogans  serovars
Icterohaemorrhagiae, Ballico, and Bratislava were the most frequently prevalence in
human (32, 34, 35). The other serosurveillence in human are shown in Table 6. Farm
animals’ sera were studied by MAT for finding causative serovars of leptospirosis.
The results showed that Wolffi, Pomona, Javanica, Hyos, and Pyrogenes were the

causative serovars in bovine and buffalo and Ballico, Icterohaemorrhagiae, Canicola,
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and Bataviae were causative serovars in pig (36). The prevalence study in rat from
epidemic provinces and non epidemic provinces in the Northeast region during 1999
to 2000 by isolation of leptospires from kidney specimens and the isolated bacteria
were identified by CAAT. The results showed that L.interrogans serovar Autumnalis,
Bataviae, Pyrogenes, Javanica, and Australis are the predominant serovars persistent
in rats’ kidneys (37). These prevalence serovars isolated from rats’ kidneys were
identical to the result of prevalence serovars isolated from patients’ blood samples in
Udon Thani regional hospital (15). Then, it is reasonable to assume that the high
seroprevalence of reservoir animal may be indicated the high endemic for
leptospirosis. However, changing in serovars prevalence and the reservoir host are
affected the epidemiology of the disease. Thus, the knowledge of the prevalence
serovars and their maintenance hosts are essential to understand the epidemiology of

the disease in any regions.
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(A)
Leptospirosis case report in Thailand during 1990-2006
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Figure 1 Case report (A), Morbidity rate and mortality rate (B) of leptospirosis
in Thailand during 1990 — 2006

The data were kindly provided by the Epidemiology Division, Ministry of

Public Health, Thailand
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Laboratory diagnosis

The leptospirsis diagnostic methods can be divided into three categories. First
category is direct diagnostic methods which compose of microscopic, antigen
detection, and isolation methods. Second category is serological methods and the last
category is molecular methods.

1. Direct diagnostic methods

1.1 Microscopic methods

Leptospires in clinical materials or natural sources can be visualized by
dark-field microscope. The clinical specimens are collected for this direct diagnosis
such as blood, urine, cerebrospinal fluid (CSF), and dialysate fluid. This method needs
density approximately 10* leptospires/ml in sample for one cell/field detection (38).
By light microscopic detection, leptospires can be stained by Gram’s staining, Giemsa
staining, and silver staining for higher sensitivity and specificity.

However, these methods also have disadvantages since false positive
result can be occurred by misinterpretation of cellular fibrin or protein threads as
leptospires and can not identify degenerated leptospire and antigen (1).

1.2 Antigen detection

Detection of Leptospira antigens in clinical specimens would offer
greater specificity and sensitivity than direct detection by dark-field microscopy. This
method can detect and identify intact form of leptospires in tissues, phagocytes, and in
fluids, eventhough the specimen has been refrigerated or partially autolysated during
transport to the laboratory. Antigen detection methods are including
radioimmunoassay (RIA) (39), enzyme linked immunosorbent assay (ELISA)(40),
chemiluminescent immunoassay (41), and dot blot ELISA (42).

1.3 Isolation method

Leptospires from clinical materials including blood, CSF, urine, tissue
biopsy, and postmortem tissue fragments can be isolated by inoculation of an
appropriate clinical materials into leptospira culture medium such as Ellinghausen-
McCullought-Johnson-Harris (EMJH) medium. Samples destined for culturing should
be removed before antibiotic therapy. Fluid media containing 5-fluorouracil are used
for primary culture. Leptospires growth is relatively slow, with doubling time about 6-

8 hours at optimal temperature 28-30 'C. Growth may occasionally be detectable by
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dark-field microscope after culture for about a week but often takes longer period to 4
months. The knowledge of pathogenesis and the stages of disease are necessary for
choosing target site of sample collection. Hemoculture should be done within 10 days
following the fever, which is symptomatic of the beginning of the disease. CSF should
be collected between the end of the first week to second week of the illness. Urine
samples can be used for culture from the third week or about one month of illness
(43). This method has the advantage that the infecting agent can be further
investigated. However, this method is very laborious and time consuming. Therefore it
is used as a confirmatory test.
2. Serological methods
Most cases of leptospirosis are diagnosed by serology, because the direct

detection of leptospires is either slow or limited reliability. Moreover, serology has
been used to provide evidence of current or recent leptospirosis by determined class
and quantity of antibodies. Antibodies are detectable in blood approximately 5-7 days
after the onset. In general, blood for serology should be taken as soon as possible in
the illness. A second specimen should be taken 5-7 days later, and repeated at similar
intervals if necessary. The test may be negative in early stage, but the second specimen
may be positive or show arising in titer compared with the first sample specimen.
Serological method can be divided into genus specific and serogroup specific methods.

2.1 Genus specific method

Most genus specific methods are screening test for early diagnosis of
leptospirosis. The methods are included complement fixation test (44), macroscopic
slide agglutination(45, 46), indirect hemagglutination assay (IHA) (47), ELISA (48),
Dot-ELISA (42), microcapsule agglutination (49, 50), IgM dipstick (51, 52), latex
agglutination (53-55), and lateral flow (56). They use numbers of antigen prepared
from L.biflexa serovar Patoc such as heat stable antigen, sonicated antigen, and
lipopolysaccharide (LPS). Several tests for genus specific antibody detection are now
commercial available either IgM or both IgM and IgG (36). However, the final result
is confirmed by microscopic agglutination test (MAT).

2.2 Serogroup specific method

Serogroup specific method is based on MAT, which patients’ sera are

reacted with live antigen suspension of leptospiral serovars. After incubation the
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serum-antigen mixtures are determined for the agglutination and antibody titers under
dark-field microscope. The disadvantages of MAT are complex method that difficult
to perform and interpret. Interpretation of MAT is complicated by the high degree of
cross-reaction that occurs between different serogroups, especially in acute phase
serum. Moreover, it presents risks of infection for laboratory workers. Because this
test has to perform with live antigen which need to maintain culture in large amount.
However, the MAT is also the suitable test for serodiagnosis and seroepidemiology,
and it is considered the gold standard or reference method for antibody detection.

3. Molecular methods

Molecular methods are being developed for both leptospiral diagnosis and
identification. These methods are more sensitive and specific than serological
methods. Serological test often gives cross-reactivity between leptospires and difficult
to distinguish the antibody titers of chronic infection and vaccination, particularly in
animal (57). Previously, leptospiral DNA has been detected in clinical materials by dot
blotting and in situ hybridization techniques (58, 59). Specific DNA probes were
developed by DNA recombination, DNA cloning, and polymerase chain reaction
(PCR) methods (57). DNA probes can be labeled with 32 P, biotin (59), or digoxigenin
(60). However, the sensitivity of **P-labeled probe is approximate 10° leptospires (59)
which much lower than PCR. Then, this probe has not been used extensively for
diagnosis since PCR became available. PCR method is use to amplify specific
segments of Leptospira DNA in clinical samples such as blood, urine, and tissue.
Several primer pairs for PCR detection for leptospires have been developed. They are
designed based on the specific genes of either 16S rRNA or 23S rRNA, repetitive
elements (61-63), and genomic libraries (64, 65). PCR can rapidly confirm the
diagnosis in the early phase of the disease, when the bacteria present and before the
antibody titer detectable. However, PCR may also give false-negative results because
inhibitors are present in the clinical samples or the number of leptospires in samples
were too small to be detected. However, a limitation of PCR based diagnosis in most

assays is the inability to identify the infecting serovar (66).
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Identification

In clinical management and curly of leptospirosis, it is better to know whether
the patient has leptospirosis or not. The public health perspective typing is a useful
epidemiologic tool to establish the causative serogroup or serovar at the first step
toward identifying the source of infection and reservoirs, thus determines the choice of
methods for prevention and control. The serosurveillance results from MAT testing of
patients’ sera are used as a surrogate to infer the infecting serogroup or serovar of
leptospires but its result is not absolutely conclusion. Cross-reaction between
serogroups or serovars are common in which the initial immune response is directed to
a heterologous serogroup or serovar (1-3). This non specific reaction is paradoxical
reaction that may occur in up to 50% of cases (3). A narrow range of serogroup is
represented in the panel of antigens used in the MAT, which may further reduce the
ability of the serologic analysis to accurately predict the infecting serogroup (4, 5).
Moreover, the potential of over interpretation of serologic data is much greater if acute
or early convalescent phase serum samples are available for testing (2).

The genus Leptospira composes of two species, L.interrogans sensu lato and
L.biflexa sensu lato which contained pathogenic and nonpathogenic strains,
respectively. Two species can be recognized using phenotypic characteristic, including
growth in the presence of 8-azaguanine and growth at 13°C (67). From two species are
identified to serogroups and serovars level by serological method based on antigenic
criteria. By molecular method based on genomic criteria, the genus Leptospira is
classified into 18 species (9, 10, 67, 68), several of which contain both pathogenic and
nonpathogenic serovars.

The identification method has been developed for identifying the leptospires
which isolated from patient, reservoir animal, and environment. Basically, the MAT is
the core principle of all serotyping methods which recognize antigenic of Leptospira
by reference polyclonal or monoclonal antibody reagents such as the cross agglutinin
absorption test (CAAT), the factor sera analysis, and monoclonal antibody testing.
Recently, typing method based on different leptspiral DNA have been developed such
as restriction endonuclease (REA), nucleic acid probe and hybridization, pulsed field
gel electrophoresis (PFGE), ribotyping, and a number of PCR-based approaches for

improve typing tool. Moreover, the most identification method is essential for
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checking the reference strain in culture collection and checking on the identity of
strains used for diagnostic test in the routine and reference laboratories.
1. Serological identification
1.1 Using polyclonal antibody
1.1.1 Cross agglutination absorption test (CAAT)
The cross agglutinin absorption test is conventional method for

serotyping of unknown strains into serogroup and serovar (69).

1.1.1.1 Determination of the serogroup

During the early years, Leptospira strains could be
distinguished by their antigens. As more difference strains were isolated, serological
relationship were demonstrated between some of them. For practical reason, strains
belonging to separate, but closely related serovars were grouped together into
serogroups. Serogroup cannot be defined accurately and have no official taxonomic
status but serve the practical purpose of grouping strains on the basis of their antigenic
similarlity. However, serogrouping is necessary because more than 200 leptospiral
reference strains cannot be used individually in serotyping experiment. First,
leptospira is classified into serogroup belonging by the MAT using selected rabbit
group sera. As representative group, serum is chosen a rabbit immune serum which
agglutinates optimally all serovars of given serogroup and which gives the least cross-
agglutination with strains of other serogroups. Therefore, the determination of
serogroup is provide suggestion battery of group sera is to be used. Briefly, procedure
for determining the serogroup is as following : well grown culture (approximately
2x10% cell/ml) of the unknown strain is first submitted to the MAT with the standard
group sera used at low dilutions (1:200 or 1:300 provided that the antisera have titres
of about 1:10,000 with the homologous strain). Then, the positive reacting sera are
further titrated with the unknown and homologous strains. Endpoint titers sera also
compare with the titers of agglutination reactions of standard group sera with reference
strains. This usually allows the serogroup to be determined.

1.1.1.2 Determination of the serovar
The original definition of serovar formulated by

Wolff and Broom (1954), and a WHO Expert Group (World Health Organization,

1967) was intended not only for taxonomic purpose but also a practical way of
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differentiating between leptospires on the basic of host-parasite relationship. Under the
present definition, two strains are considered belong to different serovar if after cross-
absorption with adequate amounts of heterologous antigen, more than 10% of the
homologous titre regularly remains in at least one of the two antisera in repeated tests.
If an unknown serovar is difference from all known reference serovars accoding to the
criterion given in the definition above, it is seem to be a new serovar. If no
homologous titre or less than 10% persist, the unknown strain belongs to the serovar
concerned. Thus an unknown strain may either belong to a known serovar represented
by a reference strain, or be a new serovar and become the reference strain for this new
serovar. The 10% limit criterion is critical, this rule allows a 0-10% margin of
difference for strains belonging to the same serovar. Briefly, procedure for
determining the serovar of strain is as following: well grown culture (approximately
2x10% cell/ml) of the unknown strain is first submitted to MAT with antisera of all
reference strains of the serogroup. An immune serum is prepared against the unknown
strain and this antiserum is similarly investigated with all reference strains of the
determined serogroup to which the strain belongs. The next step is to carry out cross-
agglutinin absorption test (CAAT) with all the reference strains which have some
degree of serological relatedness to the unknown. Relatedness is considered to exist
when the unknown strain reacts with the immune sera of a reference strains to at least
a titer of 10% of that obtained with the homologous strains. If the unknown strain
gives a reaction with a reference serum less than 10% of the homologous titer, an
absorption test with the homologous strain is redundant. During the comparative
absorption tests, serological identity is proved with one of the selected reference
strains. Two strains are considered serologically identical if absorption with the
heterologous antigen less than 10% residual homologous antibodies remain in both
sera (69).

Even though, the CAAT is the conventional and reference method for
classifying leptospires, but it is limiting in a few reference laboratories because the test
is complicate, and time-consuming. Moreover, it requires the maintenance of all
leptospiral reference strains and corresponding rabbit immune serum. Therefore, this

method is not available for service laboratories in Thailand.
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1.1.2 Factor analysis

The factor analysis involves more detail studied of the antigenic
structure of each serovar which characterized by its own particular combination or
mosaic of major and minor antigenic factors. Factor sera are prepared by absorbing
rabbit antiserum with one or more difference leptospires until they react only with one
serovar, subgroup or serogroup. Panels of factor sera can be used in similar way as
monoclonal antibodies to identify strain to serovar quickly. However, factor sera
preparation is time-consuming, and preparing batches does not always lead to
reproducible results (12).

1.2 Using monoclonal antibody

Identification by using monoclonal antibodies (Mabs) is related to
conventional typing based on the recognition of characteristic antigen patterns of
serovars by panels of Mabs. In contrast with the cross-agglutination absorption test,
large numbers of strains can be typed in a short time with Mabs.

Mabs react in the microscopic agglutination test (MAT) with a single
antigenic epitope which specific for certain serovar or shared by various serovars. On
the basis of combinations or mosaics of epitopes characteristic of certain serovar,
panels of Mabs have been used for identification of leptospires to serovar level and
sometimes to subserovar level. Differences in agglutination profiles obtained from a
panel of Mabs can be used as indicative of new serovars and differences between
strains belonging to the same serovar may be observed (12). Sehgal et al. confirmed
AF61 isolated leptospiral strain from patient in Andaman Islands with monoclonal
antibodies. The result showed that AF61 is closely related to the reference strain Lai
serovar Lai, which similar result to CAAT (70). The isolation of leptospire 149 of 228
samples from mainland Portugal and Azorean wild mammals were rapid characterized
at the serovar level by monoclonal antibodies (71).

These methods also allow a rapid check on the identity of leptospiral
stains that used as antigens in the MAT for serodiagnosis. Mislabeled strains can be
retyped and identified accurately and more easily than using conventional rabbit

antisera. However, preparing monoclonal antibodies is difficult and time consuming.
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2. Molecular identification

From serological identification system, the genus Leptospira consists of two
species. The first one is Leptospira interrogans sensu lato, a group of pathogenic
leptospires. The second one is Leptospira biflexa sensu lato, a group of non-
pathogenic leptospires. In contrast, the molecular identification based on DNA
homology separates Leptospira into 18 species, which some species members contain
both pathogenic and non-pathogenic leptospires. Furthermore, some species may
compose of more than one serogroup (Table 3). The molecular methods based on
genomic analysis are used to identify and classify leptospires by comparing DNA
fragments, which currently researches for leptospiral taxonomy and to develop simple
and reliable methods that limit in serological identification and typing. Moreover,
these identification system traits should ideally allow subspecies characterization.
Methods employed include digestion of chromosomal DNA by restriction
endonuclease (REA), Pulsed field gel electrophoresis (PFGE), ribotyping, and a
number of PCR-based approaches.

2.1 Restriction endonuclease analysis (REA)

REA principle is based on digestion of purified leptospiral DNA with
restriction enzymes and electrophoresis on an agarose gel. Restriction enzymes
recognize and cleave dsDNA at specific sequences that generate a set of DNA
fragments which differently migrate on agarose gel according to their molecular
weight. This method generating characteristic DNA fingerprints for each type of
leptospires. Relationship between leptospiral strains can then be established by
comparing the patterns of unknown strains with leptospiral reference strains.

Use of REA for identification of leptospires was first proposed by
Marshall et al.. They reported that serovar Hardjo and Balcanica were clearly
distinguished from each other by REA using EcoRI enzyme (72). Theirman et al.
adopt REA for classification leptospiral isolates belonging to serogroup Pomona (73).
They showed that REA could distinguish the differences between the organisms which
were not detectable by conventional serological typing methods. Ellis et al. performed
REA using 20 restriction enzymes in the study of 162 pig isolates and compared the
electrophoretic pattern of serogroup Australis strains (74). Venkatesha analysed

genomic DNA of 19 pathogenic serovars and 2 nonpathogenic serovars by REA using
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EcoRI and Haelll enzymes and showed that REA was reproducible and created stable
fragment patterns, which could be used for serovar differentiation (75). Moreover,
these method can be used for typing by comparing restriction patterns with reference
serovars. From these results, REA is a good method for identification and
classification of leptospires. The disadvantage of REA method is the requirement of
pure leptospira cultures and extraction of their DNA. Either contaminated or degraded
leptospiral DNA can result in abnormal patterns. Furthermore, only few restriction
enzymes give clear-cut differences between different serovars and the restriction
patterns that are very complex and difficult to compare.

2.2 Nucleic acid probes and hybridization

Molecular cloning techniques make possibility to prepare gene-specific
probes that can be used further in hybridization techniques for detection or
identification of leptospires. Furthermore, nucleic acid hybridization provides the
confirmation of diagnosis before the results of culture and biochemical tests are
available. Using total genomic DNA probes in examining 66 serovars of pathogenic
leptospires by slot blot hybridization proposed a new species L. kirscherneri that
comprising nine serovars, which seven of them had not been studied (68). The
recombinant probes derived from genomic library by serovar Lai were used to
characterize DNA of 20 strains in different genus, species, serogroups and serovars by
Southern hybridization (76). The advantage of this technique is very easy to
distinguish the banding pattern since the probe hybridized with limited number of
DNA fragments. Nucleic acid hybridization using a cloned probe is suitable for
serovar differentiation and characterization of isolates as it produced limited number
of bands and unique pattern for each serovar tested that easy for comparison and
interpretation (75).

2.3 Pulsed field gel electrophoresis (PFGE)

PFGE is a variation of agarose gel eletrophoresis that permits analysis
of bacterial DNA fragments over an order of magnitude longer than a conventional
REA. This process produces highly reproducible restriction profiles that typically
show distinct well resolved fragments, representing the entire bacterial genome in a
single gel. PFGE analysis has become the standard method for molecular

characterization of leptospiral isolates, and other molecular typing methods will be
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validated against this method. However, it is technically more demanding, requires
more expensive and specialized equipments.

Hermann et al. developed fingerprints for 72 reference strains by PFGE
following Notl chromosomal DNA digestion (77). They found that 13 of 18 isolates
identified by MAT and cross absorption procedures were correctly typed by PFGE.
Then, PFGE was applied to identify 200 serovars of pathogenic leptospires of clinical
isolates and the results showed specific fingerprints (78). However, using only Notl
enzyme could not produce unique PFGE pattern of all serovars. For example,
L.interrogans serovars Bratislava, Lora, Jalna, and Muenchen gave identical patterns
when digested with Nofl but were differentiated when digested with SgrAl enzyme
(77). Moreover, the patterns of DNA fringerprint produced by the Nofl and SgrAl
restrictions of chromosomal DNA analysed by PFGE allowed 166 of 170 serovars
reference strains to be characterized (77, 78). Thus, PFGE was more rapid than
serology and was useful for identification in epidemiology.

2.4 Ribotyping

Ribosomal RNA gene restriction patterns have been demonstrated for
the identification of species or epidemiological typing. The conserved nature of rRNA
gene allows the use of single probe for typing bacteria for any phylogenic positions.
Ribotyping has demonstrated reasonably good correlation with the phylogenetic
classification that classified Leptospira into 11 genomospecies using EcoRI digestion,
and 16S and 23S rRNA from Escherichia coli as the probe. This technique provided a
large database construct (79, 80). Ribotypes of serovar within genomospecies could be
grouped together by the possession of common fragments. This method has been
shown to discriminate accurately between the serovar Hardjo genotypes Hardjobovis
and Hardjoprajitno but not by conventional serological typing methods (81). However,
particular serovars closely related such as Icterohaemorrhagiae and Copenhaegini
could not be distinguished by ribotyping (82, 83).

2.5 Polymerase chain reaction (PCR)

PCR method involves in vitro amplification of target DNA sequence,
brought out by thermostable DNA polymerase. A pair of short DNA fragments known
as primers is used for specific amplification of DNA fragments. This technique is

modifying to several methods such as arbitrarily primed PCR (AP-PCR), and random
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amplified polymeric DNA (RAPD) fingerprinting for diagnostic, identification, and
taxonomy of bacteria including leptospires. However, several methods based on PCR
requires isolation of leptospires in pure culture and their DNA isolation for carrying
out PCR.

Arbitrarily primed PCR (AP-PCR) is based on the use of a single
arbitrary primer in a PCR of low stringency to amplify segments of the genome.
Highly diverse DNA banding patterns can be generated, which may allow distribution
between and within species. This technique has been used to rapidly identify
leptospires (84), genetic variability among strains of serovar Hardjo (85), and
determine the taxonomic relationship between leptospiral serovars. However, few
serovars like Copenhageni, Icterohaemorrhagiae, Pyrogenes, and Bataviae were
indistinguishable by this method (86).

Random amplified polymorphic DNA (RAPD) fingerprinting is based
on PCR amplification and fingerprinting, using arbitrary oligonucleotide primers
which produces reliable and easily obtainable typing schemes. Comparing RAPD
fingerprinting with CAAT and REA for typing bovine leptospires 26 isolates, found
that 23 isolates were identified as Hardjo genotype Bovis, 2 isolates were identified as
Zanoni and one was identified as Pomona (84). Gerritsen et al. used RAPD for
identification of leptospiral serovars within the serogroup Sejroe. They found the
unique DNA banding patterns for each of the 17 reference strains by using L. hardjo
type Hardjobovis-derived primers and all clinical isolates were identified as L. hardjo
type Hardjobovis. Therefore, RAPD fingerprinting was a single and rapid method
suitable for serovars identification (87). The other study using RAPD for
characterization of the laboratory strains of leptospiral serovars demonstrated that each
serovars produced a unique and distinct fingerprint pattern of DNA that difference
from other bacterial species such as Escherichia coli, Putida multocida, Salmonella

spp., and Pseudomonas spp. (75).

Principle of ammonium sulfate precipitation
Ammonium sulfate precipitation is one of the most commonly used methods
for removing proteins from solution. Proteins in solution form hydrogen bonds with

water through their exposed polar and ionic groups. When high concentrations of
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small, highly charged ions such as ammonium or sulfate are added, these groups
compete with the proteins for binding to water. This process removes the water
molecules from the protein and decreases its solubility, resulting in protein
precipitation. For this reason, ammonium sulfate precipitation can also be used in
antibody concentration and partial purification. During purification one takes
advantage of the fact that different proteins will be precipitated at different
concentrations of ammonium sulfate. The factors that will affect the concentration at
which a particular protein will precipitate include the number and position of the polar
groups, the molecular weight of the protein, pH of the solution, and temperature at
which the precipitation is performed. Although other salts such as sodium sulfate are
sometimes used, precipitation of antibodies is commonly done with ammonium
sulfate. The concentration at which antibodies will precipitate varies somewhat from
species to species. Most rabbit antibodies can be precipitated with a 40% saturated
solution, while mouse antibodies need 40-50% saturation. Because most of the protein
components of hybridoma cell culture supernatant do not precipitate in this range, it is
seldom worthwhile to distinguish between these concentrations, and 50% saturation is
convenient level to use for most applications. One disadvantage of ammonium sulfate
precipitation of antibodies is that the resulting antibodies will not be pured. They will
be contaminated with other high molecular weight proteins such as albumin.
Therefore, ammonium sulfate precipitation is not suitable for single-step purification
but must be combined with other methods if pure antibody preparations are need.
However, this method is cheap, easy, and convenient for large volume preparation.
The precaution is the solutions of saturated ammonium sulfate should not be stored in
containers that were previously used for laboratory wash-up detergents because the

reagent trace can inhibit precipitation of antibodies by ammonium sulfate (88-90).

Latex agglutination

Latex agglutination is the indirect (passive) agglutination reaction for antibody
or antigen detection. For antibody detection, the specific antigens were coated on latex
particles to react with antibodies target. In contrast, the specific antibodies were coated
on latex particles to react with antigens target for antigen detection. The nature of latex

bead is polystyrene material, which is developed for a new choice of a carrier particle
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in indirect agglutination test preparation. It has more stable, long shelf life, and
simplify to preparation and storage than other carrier particle such as red blood cell.
Moreover, it has various type, size, and density of surface charge group for individual
coating substance such as protein, polysaccharide, low molecular weight peptide, and
oligonucleotide (www.idclatex.com). The rapid diagnosis or identification test is
simple to set up with latex particle. Attachment of antibodies, antigens, and other
substances to latex particles is achieved by either physical absorption or covalent
coupling to the surface of the latex particles. Most proteins can be absorbed on the
latex particles by hydrophobic interaction. Polyclonal and monoclonal antibodies are
commonly used to coat onto the latex particles. However, samples that contain protein
or peptides may bind less well and require covalent coupling for increase attraction.
The hydrophobic interaction is largely independent on pH since charges in different
pH influence the conformation of the protein molecules. In general, proteins bind most
efficiently at pH that is close to their isoelectric points (91). For passive absorption
onto latex particles with antibodies, the antibody molecules are bound in random
alignment to the surface of particles. However, the potential number of antigen
binding site exposed to the outside is large because large numbers of antibody
molecules are bound to each latex particle.

During agglutination reaction between the antigens and latex particles coated
with specific antibodies, the antigens will bind to the antigen binding sites of the
antibodies that exposed on the surface of the latex particles, forming cross-linked
aggregatation of latex bead. The pH, osmolarity, and ionic concentration of the
solution will influence the degree of cross-linking. Furthermore, the degree on lattice
formation can be divided into three zones, the antibody-excess zone (prozone), the
equivalence zone, and the antigen-excess zone (postzone) (92). In the prozone,
practically every antigenic molecule is complexed with antibodies. However, there are
not enough antigens to bind to all antibody molecules that allow low probability of a
single antibody molecule’s binding to two antigenic molecules simultaneously and
some antibodies remain free in reaction, if the amount of antigens increases more
antibody molecules crosslink to individual antigen molecules and form as stable
lattice. In the equivalence zone, the highest degree of lattice formation is formed,

resulted in maximum agglutination. As the amount of antigen further increase in
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antigen excess zone, all antibody molecules are bound to antigen whereas several
antigen molecules are remain free in solution and each antibody is separated from each

others thus preventing lattice formation.
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CHAPTER 1V

MATERIALS AND METHODS

1. Bacterial strains

1.1 Leptospira

Twenty-six reference Leptospira serovars belonging to 22 serogroups
(Table 7) used in the experiments were kindly provided by Dr. Duangjai
Suwanchareon from the National Institute of Animal Health (NIAH), Department of
Livestock Development, Ministry of Agricultural and Cooperatives, Thailand and Mrs.
Pimjai Naikowit from the National Institute of Health (NIH), Department of Medical
Sciences, Ministry of Public Health, Thailand.

1.2 Other bacterial genera

Ten other bacterial genera (Table 8) that used in the experiments were
kindly provided by Dr. Amornrut Leelaporn from the Department of Microbiology,
Faculty of Medicine Siriraj Hospital, Mahidol University, Thailand.

2 Antigen preparation
2.1 Leptospiral antigens

2.1.1 Whole cell antigen

Leptospires were grown at 30 °C in Johnson and Harris
modification of the Ellinghausen and McCullough (EMJH) medium containing 3%
rabbit serum until they were at exponential phase which took about 7-10 days. The
leptospires were collected by centrifugation at 10,000 rpm (Superspeed centrifuge,
Sorval; Model RC28S, USA) for 15 minutes at room temperature and washed two
times with 0.01M phosphate buffer saline (PBS) pH 7.4, and treated with 0.02%
formalin in 0.01M PBS (see Appendix) for 18 hours at 4 °C. The formalinized whole
cell antigens were separated by centrifugation at 10,000 rpm (Superspeed centrifuge,

Sorval; Model RC28S) for 15 minutes at room temperature, washed two times and
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resuspended in 0.01M PBS pH 7.4. The protein concentration of the whole cell antigen

was measured and the antigen was stored at -20 °C in small aliquots.
2.1.2 Secreted antigen

Leptospires at exponential phase were collected by centrifugation at
10,000 rpm (Superspeed centrifuge, Sorval; Model RC28S) for 15 minutes at room
temperature, washed two times with 0.01M PBS pH 7.4 and resuspended in the PBS.
The secreted antigen was prepared by shaking leptospires in 0.01 M PBS for 18 hr at
30 °C. After incubation, antigen was prepared by centrifugation at 10,000 rpm for 15
minutes at room temperature; the supernatant was collected, measured for protein

concentration, and stored at —20 °C in small aliquots.

2.1.3 Live antigen
Representative serovars from each Leptospira serogroups were used
for preparation of live antigens. The bacteria were grown in EMJH media for 7-14
days at 30 °C and subcultured every two weeks. The bacteria were triplicate counted
under dark-field microscope at 200x magnification by using hemocytometer (Fast-
Read 102°, Hycor Biomedical Inc., Italy). The live antigen was used for
characterization the sensitivity of the latex reagents.
2.2 Other bacteria antigens
The other bacteria genera were grown in Brain heart infusion (BHI) broth
for 18-24 hr at 37 °C. The whole cell antigen was prepared by treated the bacteria with
0.02% formalin in 0.15M PBS pH 7.4 for 18 hr at 4 °C. The formalinized cells were
separated by centrifugation at 5,000 rpm (Superspeed centrifuge, Sorval, Model
RC28S) for 15 minutes at room temperature, washed for two times with 0.15M PBS,

resuspend in 0.15M PBS and stored at —20 °C in small aliquots.
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Table 7 List of 26 reference Leptospira serovars belonging to 22 serogroups

used in the experiment

No. Serogroup Serovar

1 Australis Australis, Bangkok, Bratislava
2 Autumnalis Autumnalis

3 Ballum Bullum

4 Bataviae Bataviae

5 Canicola Canicola

6 Celledoni Celledoni

7 Cynopteri Cynopteri

8 Djasiman Djasiman

9 Grippotyphosa Grippotyphosa

10 Hebdomadis Hebdomadis

11 Icterohaemorrhagiae Icterohaemorrhagiae
12 Javanica Javanica

13 Louisisana Louisiana

14 Mini Mini

15 Pomona Pomona

16 Pyrogenes Pyrogene

17 Ranarum Ranarum

18 Sarmin Sarmin
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Table 7 List of 26 reference Leptospira serovars belonging to 22 serogroups

used in the experiment (continued)

No. Serogroup Serovar
19 Sejroe Sejroe, Hardjo, Wolffi
20 Shermani Shermani
21 Tarassovi Tarassovi
op Semaranga Patoc
Table 8 List of 10 genera of other bacteria used in the experiment
No. Genus Species
1 Aeromonas A. hydrophila
2 Burhkordoria B. pseudomallei
3 Escherichia E. coli
4 Krebsiella K. pneumoniae
5 Pseudomonas P. aeruginosa
6 Proteus Proteus spp.
7 Salmonella Salmonella spp.
8 Shigella Shigella spp.
9 Staphylococcus S. aureus

10 Streptococcus Streptococcus spp.
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3 Specific Leptospira serogroups/serovars Monoclonal antibodies

Sixteen monoclonal antibodies (Mabs) (provided by the Department of
Immunology, Faculty of Medicine Siriraj Hospital, Mahidol University, Thailand)
were produced using a standard hybridoma technique and tested for antigenic
specificity by indirect ELISA using panel of formalinized whole cell antigens prepared
from 26 leptospires and 10 genera of other bacteria. The specificity of the monoclonal
antibodies were further tested by MAT, which kindly performed by the National
Institute of Animal Health (NIAH) and the National Institute of Health (NIH),
Thailand. All of Mabs used in this study recognize the lipopolysaccharide (LPS). The

characteristics of Mabs are shown in Table 9.

4 Precipitation of monoclonal antibody from the culture supernatant fluid by
50% ammonium sulfate precipitation method

The hybridoma cell culture supernatant was partially purified and concentrated
by ammonium sulfate precipitation. A saturated ammonium sulfate, (NH4),SOs,
solution buffer at pH 7.4 was added dropwise to the culture supernatant fluid for a
final concentration of 50% (NH4)>SO4 with continuous stirring for overnight at 4 °C.
The precipitated proteins were removed by centrifugation at 10,000 x g (Superspeed
centrifuge, Sorval; Model RC-5C Plus, USA) for 20 minutes. The pellet was washed
with 50% saturated ammonium sulfate solution and centrifuged at 10,000 x g
(Superspeed centrifuge, Sorval; Model RC-5C Plus) for 20 minutes and resuspended
in 0.15M PBS. The excess salt was removed by exhaustive dialysis against 0.15M
PBS. After dialysis, the solution was centrifuged at 1,000 x g (High speed micro
refrigerated centrifuge, Tomy; Model MRX-150, Japan) for 5 minutes at 4 °C. The
supernatant fluid was filtrated through sterile 0.45 pm membrane (Acrodisc®, MI,
USA). Globulin protein concentration was measured by the BioRad protein assay. The

antibody preparation was aliquoted and kept at —20 °C until use.
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Table 9 Characteristics of the Mabs used for preparation of the latex reagents

No. Code Isotype Serovar specific

1 8C6C4A12 [gMx Australis, Bangkok
2 2D2A12G3 IgMxk Autumnalis

3 1B4D3F10 IgMxk Bataviae

4 15B5C2Gl1 IgMxk Biflexa

5 4A2D5D6 IgGsk Bratislava

6 16C4E11ES IgMxk Canicola

7 20A5A6 IgMxk Cellidoni

8 2B3A8H9 IgGsk Cynopteri

9 4D4E8F10 IgGsk Grippotyphosa

10 9A6E1E11 IgMx Hebdomadis

11 7BSE11D1 IgMxk Pomona

12 16A3A4 IgMxk Javanica

13 1A4B10E1 IgMx Pyrogenes

14 13C2E4F8 IgGsk Sarmin

15 16B1C9H IgMxk Sejroe, Hardjo, Wolffi

16 9D4B12F5 IgMxk Tarassovi
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5 Protein concentration assay

Protein concentration of antigen and antibody were measured by Bradford
protein assay (Bio-Rad, CA, USA). The known concentrations of globulin and
albumin were used as the standard proteins for measuring protein concentration in
antibody and antigen, respectively. Two fold serial dilutions of protein standard
starting from 10 pg/ml were prepared according to microassay procedure. Then, 800
ul of each standard dilution and sample solution were added with 200 pl of dye
reagent, mixed by vortex, incubated at room temperature for 30 minutes, and

measured the absorbance at 595 nm.

6 Passive adsorption of the monoclonal antibody onto latex particles

Each of 16 ammonium sulfate precipitated Mab was passively adsorbed onto
latex particles. A mixture of Mab at a final concentration of 200-700 pg/ml and latex
particles (0.84 um in diameter; Interfacial Dynamics Corp., Portland, USA) at a final
concentration of 1% in glycine-buffered saline was incubated with gently rotated at
room temperature for overnight. The unbound Mab in the supernatant was removed by
centrifugation at 5,000 x g (High speed micro refrigerated centrifuge, Tomy; Model
MRX-150) for 10 minutes at 4 °C and kept for protein determination. The remaining
protein binding sites on the surface of the latex particles were blocked with 1% (w/v)
solution of BSA for 2 hr at room temperature. Then, the coated latex particles were
washed 2 times with glycine-buffered saline containing 0.1% BSA. Finally, the coated
latex particles were resuspended with storage buffer for a final concentration of 0.5%

latex suspension. The latex suspension were stored at 4 °C up to one year.

7 Latex agglutination test (LAT)

The latex agglutination was performed by mixing 20 pl of leptospiral broth
culture or antigen suspension with 1 drop (20 ul) of latex reagent on a clean glass slide
and mixed with wooden applicator. Thereafter, the slide was gently mixed by manual.
Agglutination could be seen in the dark background within 5 min. The agglutination

reaction was scored from 1+ to 3+. Typically, a 3+ reaction was observed as large
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floccules formed instantly with clear background fluid. A negative result was

characterized by uniform milky fluid with no visible floccules.

8 Performance of the latex reagents

The performance of latex reagent product was observed on specificity,
sensitivity and stability.

The specificity of 16 latex reagents were performed using the panel antigen
prepared from 26 serovars of Leptospira, and 10 genera of the other bacteria. The
reference representative serovars from each Leptospira serogroup and other bacterial
antigens at concentration of 1 mg/ml were also tested with latex reagent by mixing 20
pl of whole cell antigen suspension with 1 drop (20 ul) of latex reagent on a clean
glass slide and mixed with wooden applicator. Thereafter, the slide was gently mixed
by manual. Agglutination could be seen within 5 min.

The sensitivity or lower limit of detection of 16 latex reagents was performed
using viable leptospires. The minimal concentration of the bacteria that required for
agglutination is the sensitivity of the test. The reference Lepfospira were triplicate
counted under dark-field microscope at 200x magnification by using hemocytometer
(Fast-Read 102", Hycor Biomedical Inc., Italy). These panel latex reagents were tested
with various concentration of the corresponding Leptospira and the sensitivity of the
test was calculated.

The stability of these panel latex reagents was performed every month using
aliquot of latex reagent kept at 4 °C to evaluate the sensitivity of the agglutination test
with the homologous secreted antigen. By mixing 20 pl of secreted antigen with 1
drop (20 ul) of latex reagent on a clean glass slide and mixed with wooden applicator.
Thereafter, the slide was gently mixed by manual. Agglutination could be seen within

5 min. The agglutination reaction was scored from 1+ to 3+.

9 Evaluation of the efficacy of the panel latex reagent for the identification of the
culture isolated leptospires

To evaluate the efficacy of the panel latex reagents, 125 leptospires isolated

from rats’ kidneys (provided by Armed Forces Research Institute of Medical Science,

Thailand) and 113 leptospires isolated from patients’ blood samples (provided by the
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Department of Medicine, Faculty of Medicine Siriraj Hospital and the Wellcome-
Mahidol Laboratory, Faculty of Tropical Medicine, Mahidol University, Thailand)
were agglutinated with the panel latex reagents. The identification results were

analyzed in comparison to the reference method, cross agglutination absorption test.

10 Statistical analysis

The relative sensitivity and specificity of latex agglutination test (LAT) for the
identification of leptospires in culture isolated from rats’ kidneys and patients’ blood
samples were determined in comparison to the CAAT as described below:

e Sensitivity =[a /(a+¢) ] x 100
a is the number of sample positive by LAT and CAAT
¢ 1s the number of sample positive by CAAT but negative by LAT
e Specificity = [d /(b + d)] x 100,

d is the number of sample negative by LAT and CAAT,

b is the number of sample negative by CAAT but positive by LAT

The results obtained from the tests were analyzed for the percentage agreement
with CAAT by using the kappa statistics. The kappa statistics is a decimal measure of
agreement between two tests, and is defined as Kappa (k). Kappa value was
interpreted by following this guideline (54).

0.93-1.00 Excellent agreement

0.81-0.92 Very good agreement

0.61-0.80 Good agreement

0.41-0.60 Fair agreement

0.21-0.40 Slight agreement

0.01-0.20 Poor agreement

0.00 No agreement

k=[(atd)—P]/(1-P)

P is the probability; P=(a + b)(a + ¢) + (c + d)(b + d)
a is the number of samples positive by both LAT and CAAT
b is the number of samples positive by CAAT but negative by LAT
¢ s the number of samples negative by CAAT but positive by LAT
d is the number of samples negative by both CAAT and LAT
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CHAPTER V
RESULTS

1. Development of latex agglutination test for identification of leptospires

1.1 Precipitation of monoclonal antibody from the culture supernatant

fluid by 50% ammonium sulfate

Each culture supernatant fluid from 16 clones of hybridoma cell culture
containing monoclonal antibodies (Mabs) specific to leptospiral serogroup/serovar
(Table 10) was precipitated with 50% ammonium sulfate and desalted by dialysis with
0.15M PBS pH 7.4. The protein concentrations of the ammonium sulfate precipitated
monoclonal antibodies were measured by Bradford protein assay and the results are

shown in Table 10.
1.2 Passive adsorption of the monoclonal antibodies onto the latex
particles

The optimal conditions of Mabs for passive adsorption onto latex particles
were investigated based on the percentage of Mab binding, the intensity of
agglutination reaction, and the rapidity of agglutination time. The optimal
concentration of Mabs both IgG and IgM to be adsorbed onto 0.84 pum polystyrene
sulfate latex particles were between 400 — 500 pg/ml (Figure 2: A-D). The optimal
Mab concentration for latex agglutination is the concentration that gives fastest and
strongest agglutination reaction. The latex particles were coated with the antibody for
16 h at room temperature. The supernatants were kept for detection of unbound
immunoglobulin by protein assay. The coated latex particles were blocked with 1.0%
BSA in GBS for 2 hr. Then, the coated latex particles were resuspended in storage
buffer and used for identification of the leptospires. The latex agglutination test has
done by mixing equal volume of 20 ul leptospires culture and coated latex particle and

gently rotated by manual. The agglutination was readed within 5 minutes by eyes. The
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intensity of agglutination reaction was scored from 1+ to 3+ by strength of

agglutination between latex reagent and leptospiral antigen as shown in Figure 3.
1.3 Specificity of the latex reagent

Latex reagent was determined for nonspecific of autoagglutination with 0.15M
PBS pH 7.4 and leptospiral EMJH culture medium. The results showed no
agglutination of all latex reagents with both PBS and EMJH medium.

The specificity of the latex reagents was further tested with whole cell antigens
prepared from 26 serovars of leptospires and 10 genera of the other bacteria (see
section 2 in materials and methods). The results in Table 11 and 12 showed that the
whole cell antigen suspension of individual serovar of Leptospira agglutinated with
the homologous latex reagent whereas the panel of heterologous leptospiral whole cell

antigens and other bacterial antigens showed no agglutination with all latex reagents.

1.4 Sensitivity of the latex reagent

The sensitivity of the latex agglutination was tested by using a different
concentration of homologous leptospira varied from 10° — 10° cells/ml. The latex
reagent that can agglutinate the bacteria at a minimum concentration is the sensitivity
of the test. The sensitivity of 16 latex reagents are shown in Table 13.

1.5 Stability of the latex reagent

An aliquot of latex reagent kept at 4 °C was taken at monthly interval to
evaluate the sensitivity of agglutination test with the homologous secreted antigen.
The sensitivity and stability of latex agglutination reaction with secreted antigen is
shown in Tablel4. All latex reagents maintained their sensitivity and specificity

properties for at least 12 months.
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Table 10 Characteristics and concentrations of Mabs used for latex reagent

preparations.
No. Code Isotype Serovar specific Protein concentration*
(ng/ml)
1 8C6C4A12  IgMxk Australis, Bangkok 145
2 2D2A12G3  IgMx Autumnalis 250
3 1B4D3F10  IgMxk Bataviae 173
4 15B5C2G1  IgMxk Biflexa 150
5 4A2D5D6 IgGsk Bratislava 136
6 16C4E11ES IgMxk Canicola 119
7 20A5A6 [gMx Cellidoni 123
8 2B3A8H9 IgGsk Cynopteri 131
9 4D4E8F10  IgGsk Grippotyphosa 153
10 9A6EIElIl  IgMx Hebdomadis 141
11 7BSE11ID1  IgMx Pomona 109
12 16A3A4 IgMxk Javanica 203
13 1A4B10E1  IgMx Pyrogenes 112
14 13C2E4F8  IgGsx Sarmin 220
15 16B1C9H IgMxk Sejroe, Hardjo, Wolffi 122
16 9D4B12F5  IgMx Tarassovi 163

* yield of partially purified Mabs per milliliter of culture supernatant.
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EMJH
medium

Viable
Ag

200 pg/ml 300 pg/ml 400 png/ml

Figure 3 Latex agglutination reactions using latex reagents prepared by coating the
latex particles with various concentrations of Mab (4A2D5D6), at 200 pug/ml
(No. 1, 4); 300 pg/ml (No. 2, 5); and 400 pg/ml (No. 3, 6). The negative
control was EMJH medium (No.1-3). L. interrogans serovar Bratislava in
EMJH medium at concentration of 10° cell/ml was No.4-6. The results were
read after mixing for 4 minutes.

No.l Negative control, no agglutination
No.2 Negative control, no agglutination
No.3 Negative control, no agglutination
No.4 Positive 1+, mild agglutination
No.5 Positive 2+, moderate agglutination

No.6 Positive 3+, heavy agglutination
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Table 13 The sensitivity of the latex reagents tested with their homologous

viable leptospires

No. Latex code Leptospira (serovar) Sensitivity (cells/ml)
1 8C6C4A12 Australis 6.40 x 10°
2 2D2A12G3 Autumnalis 5.92x10°
3 1B4D3F10 Bataviae 8.90 x 10°
4 15B5C2G1 Biflexa 8.66 x 10°
5 4A2D5D6 Bratislava 3.38 x 10°
6 16C4E11E5 Canicola 5.53x 10°
7 20A5A6 Cellidoni 2.58 x 10°
8 2B3A8H9 Cynopteri 1.03 x 107
9 4D4E8F10 Grippotyphosa 6.66 x 10°
10 9A6EI1EIl1 Hebdomadis 7.50 x 10°
11 7BSE11D1 Pomona 2.68 x 10
12 16A3A4 Javanica 8.56 x 10°
13 1A4B10EI Pyrogenes 9.66 x 10°
14 13C2E4F8 Sarmin 7.75 x 10°
15 16B1C9H Sejroe 7.73 x 10°
16 9D4B12F5 Tarassovi 9.10 x 10°
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Table 14 The sensitivity and stability of the latex reagents tested with their

homologous secreted leptospiral antigens

No. Latex code Secreted Ag Sensitivity Stability (month)@

(serovar) (CHO, ng/20 nl) 1 4 8 12

1 8C6C4A12 Australis T0# 3+ 3+ 3+ 3+
2 2D2A12G3 Autumnalis 70# 2R 3+ 3+ 3+
3 1B4D3F10 Bataviae 20# 545 3+ 3+ 3+
4 15B5C2G1 Biflexa 168# 3+ 3+ 3+ 3+
5 4A2D5D6 Bratislava 420# 3+ 3+ 3+ 3+
6 16C4E11ES Canicola 270# B+ 3+ 3+ 3+
7 20A5A6 Cellidoni 1720* B+ 3+ 3+ 3+
8 2B3A8H9 Cynopteri 540* 2+ 2+ 2+ 2+
9 4D4E8F10 Grippotyphosa 294 SR ' & 3+ 3+
10 9A6EI1EIl1 Hebdomadis 920* 34 3+ 3+ 3+
11 7BSE11D1 Pomona 750%* 2+ 2+ 2+ 2+
12 16A3A4 Javanica 870* 3+ 3+ 3+ 3+
13 1A4B10E1 Pyrogenes 199# 3+ 3+ 3+ 3+
14 13C2E4F8 Sarmin 420%* 2+ 2+ 2+ 2+
15 16B1C9H Wolffi 80# 3+ 3+ 3+ 3+
16 9D4B12F5 Tarassovi 680* 3+ 3+ 3+ 3+

# Measured with secreted antigen.

* Measured with supernatant of freezing whole cell antigen.

@Al latex reagents maintained their stability for at least 12 months. The same score of agglutination
reaction at sensitivity level of secreted Ag and homologous latex reagent showed between first to twelve

month.
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2. Evaluation of the latex agglutination test with the cultured leptospires isolated

from rats’ kidneys

One hundred and twenty five leptospires isolated from rats’ kidneys identified
by the latex agglutianation test were compared with the reference CAAT method. The
results are shown in Table 15. Two of 125 isolates could not be identified by CAAT.
However, one of them could identified by latex agglutination as Javanica.

Both latex agglutination and CAAT methods demonstrated 100% comparable
in sensitivity and specificity. The Kappa value of this test is 1.00 which suggests that

the 2 methods are excellent agreement.

3. Evaluation of the latex agglutination test with the cultured leptospires isolated
from patients’ blood specimens

One hundred and thirteen leptospires isolated from patients’ blood samples
were double blind identified by latex agglutianation compared with the reference
CAAT method. The results (Table 16) showed that Leptospira serogroup/serovar
identified by both techniques were almost identical. However, one isolate was
identified as Pyrogenes by CAAT while latex agglutination identified as Autumnalis.

The sensitivity and specificity of latex agglutination for identification of
leptospires isolated from patients’ blood samples were 100%, and 99.11%,
respectively. The Kappa value of this testing is 0.99 which suggests the excellent
agreement of these 2 tests.

In additional, 84 leptospires isolated from patients’ blood samples were also
identified by latex agglutination. The results are shown in Table 17. Fifteen samples
were sent to WHO/FAO Collaborating Center for Reference and Research on
Leptospirosis, Center for Public Health Science, Queensland, Australia and the
bacteria did not grow in the subculture medium therefore, the CAAT could not be
performed. The other 69 samples were not sent to identify by CAAT. Fifty seven
(67.86%) of 84 could be identified by latex agglutination. These leptospires were
identified as serovars Australis (1 isolate), Autumnalis (23 isolates), Bataviae (10
isolates), Canicola (2 isolates), Grippotyphosa (3 isolates), Javnica (3 isolates),

Pyrogenes (5 isolates), and Sejroe (10 isolates). However, with a limit of latex
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reagents in the panel, 27 samples (32.14%) could not be identified by latex

agglutination.

Table 15 One hundred and twenty five leptospires isolated from rats’ kidneys

identified by latex agglutination and cross absorption agglutination test

(CAAT)
serogroup/serovar LAT CAAT
Australis 5 5
Autumnalis 13 13
Bataviae 42 42
Pyrogenes 63 63
Javanica P -
Unidentify B 2%
Total 125 125

* Two samples could not be identified by CAAT and one of them was Javanica when
identified by LAT, another one was unidentified which may be due to the limitation of
the produced 16 latex reagents which are not covered the serogroup/serovar in the

samples.
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Table 16 One hundred thirteen leptospires isolated from patients’ blood samples
double blind identified by latex agglutination (LAT) compared with the

reference cross agglutination absorption test (CAAT)

serogroup/serovar LAT CAAT
Autumnalis 100* 99
Bataviae 1 1
Hebdomadis 1 1
Javanica 3 3
Pyrogenes 8 %
Total N3 113

* One isolate was identified as Pyrogenes by CAAT and as Autumnalis by LAT.

Table 17 The capability of 16 latex reagents that could identify the leptospires

isolated from patients’ blood samples

CAAT
Method Total
Result Unidentified Not done
Identified 15 42 57
LAT
Unidentified 0 27 27
Total 15 69 &4

One hundred and twenty eight leptospires (113 from table 16 and 15 from table 17)
were sent to WHO/FAO Collaborating Center for Reference and Research on
Leptospirosis, Center for Public Health Science, Queensland, Australia for identifying
the serogroup/serovar by CAAT and 113 (table 16) were able to identify. All of them
(128 leptospires) could be identified by LAT. However, 42 of 69 leptospires which
had no data of serogroup/serovar identified by CAAT could be identified by LAT. Put
up together, 170 of 197 (86.30%) leptospires could be identified by LAT using 16

latex reagents.
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CHAPTER VI

DISCUSSION

Leptospirosis is an important worldwide zoonotic disease caused by Leptospira
interogans. During 1996-2002, there were outbreaks of the disease in the Northeastern
part of Thailand. Then, in 2003-2006 the morbidity rates were decrease. In 2006, the
number of leptospirosis patient maintained highly about 6.13 per 100,000 population
(3,828 cases) (Figure 1A, B). This serosurveillance data were obtained from
microscopic agglutination test (MAT) which detected the specific leptospiral
antibodies in patients’ sera using the panel of reference leptospiral serovars or
serogroups as antigens (3). However, the false negative results reported may be
occurred, if the existed serovars or serogroups were not included in panel antigens.
Thus, the antigens in the assay should include a representative serovar from each
serogroup of Leptospira. Moreover, cross-reaction between serogroups is common, as
paradoxical reaction that the initial immune response is directed to heterologous
serovar or serogroup. Paradoxical reactions may occur in up to 50% of cases (1).
Overinterpretation of serological data is much greater if only acute-phase serum
samples are available for testing. The usefullness of MAT for identification of the
infecting leptospiral serogroup or serovar was evaluated by Levett et al. (3). The data
of culture proven cases of leptospirosis that occurred in Barbados between 1980-1998
and the specificity and sensitivity of MAT for the prediction of the infecting serovars
were determined. This study indicated that MAT using of the predominant serogroups
to predict the infecting serovar is relatively insensitive. The prediction matches the
serovar for only 46.4% and low specificity of samples isolated from recovered
patients. Therefore, serological analysis appeared to be of little value for the
identification of the infecting serovar in individual cases of leptospirosis in human.
The presumptive serogroup reactivity data should be used for broad ideas of the
common serogroups present in population but not for interprete reliably in individual

patient. Therefore, the identification of major serogroup and serovar of leptospires that



Utane Rungpanich Discussion / 58

caused leptospirosis is necessary for vaccine development and epidemiological study
in Thailand. Several antigenic and genetic assays were developed for identification of
leptospires. Leptospira classification is relied on two methods which are serological
and molecular methods. The conventional serological method is microscopic
agglutination test (MAT), using reference anti-leptospira sera and followed by cross
agglutination adsorption test (CAAT). These assays are based on the reaction of
unknown strains with different serogroup or serovar reference antisera which were
prepared in rabbits (2). However, the disadvantages of this method are long time
performing, laborious, and require the availability of all the reference strains and their
antisera. Therefore, the test is restricted its usage for only at the reference laboratory
centre. In addition, cross-agglutination reaction of reference sera with heterologous
serogroup can be occurred at the low titer. Thus many laboratories have developed
new identification techniques based on genetic heterogeneity among member of the
genus Leptospira. The molecular techniques which were arbitrarily primed PCR (AP-
PCR) (84-86), random amplified polymorphic DNA (RAPD) (84, 87), pulsed field gel
electrophoresis (PFGE) (77, 78), and ribotyping (79-81) have been used for
identification leptospires at serogroup and serovars level. However, these molecular
techniques are not easy to apply for identification in the routine laboratories in
Thailand because these techniques require the specialist and an expensive equipment
to perform. The Leptospira classification based on serological method have been used
for long time and more intensive used than molecular methods. Therefore, the rapid
serological assays are required for leptospiral identification. Mouse monoclonal
antibodies have been prepared for identification of leptospiral serogroups or serovars.
The serogroups or serovars are identified based on the characteristic of agglutination
pattern and panels of monoclonal antibodies allowed identification of leptospires at the
serovar or sub-serovar level (93). Furthermore, the identification using monoclonal
antibodies related well with conventional serological method. Thus, the monoclonal
antibodies specific to serogroups or serovars of leptospires are very useful for rapid
identification of isolated leptospires. Using of monoclonal antibodies provides several
advantages including the high specificity of the monoclonal antibody with no
crossreactivity as occur when polyclonal antibody against whole bacteria is used,

minimal batch to batch variation, scale up production of the test reagents, and
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reduction of the amount of laboratory animals. Mouse antibodies have been prepared
and used for leptospiral identification (93-96). The difference in agglutination profile
obtained from panel of monoclonal antibodies may indicate new leptospiral serogroup
or serovar. However, the agglutination test need to read under dark-field microscopy.
Therefore, the simple assay such as the latex agglutination test (LAT) is required for
identification of leptospiral serogroups or serovars. The LAT is based on the
immunological agglutination of monoclonal antibody-coated latex particles with the
specific antigen on the surface of the bacteria. LAT is a simple, rapid, low cost and
easy to perform. LAT has been successfully used for rapid identification for variety of
clinically important microorganisms such as Burkholderia pseudomallei, Candida
dubliniensis, and Legionella pneumophila (97-99).

The present study aimed at developing the latex agglutination test based on
specific monoclonal antibodies to 15 serogroups of pathogenic leptospires, L.
interrogans and one serogroup of non pathogenic leptospire, L. biflexa for detect and
identify the bacterial in isolated cultures. This panel latex reagents will be used for
identification of leptospires isolated from patient and animal specimen.

The 16 clones of in-house monoclonal antibodies have been produced in our
laboratory. Panel monoclonal antibody was tested for their specificity by indirect
ELISA using panel antigen prepared from representative leptospiral serovars of each
leptospiral serogroup (Table 7) and other bacterial genera (Table 8). Each monoclonal
antibody was highly specific to representative leptospiral serovars of each homologous
leptospiral serogroup (Table 10). It did not react with representative leptospiral
serovars of heterologous leptospiral serogroups and other bacterial genera. However,
there are many more serovars in each leptospiral serogroup which were not included in
the panel antigens because the limitation of stock leptospiral culture in Thailand. To
confirm the serovar specific property, the monoclonal antibodies should be evaluated
by using all serovars which are member of each serogroup.

Latex particles provide a convenient carrier for antigen or antibody in
agglutination test. Although this rapid identification assay is simple to setup without
expensive equipments, the finding of appropriate condition that provides high degree
of agglutination reaction should be carefully determined. This study, we used

polystyrene hydrophobic latex, because it has an excellent substrate which show large
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surface area, negligible solubility in water, invariant surface characteristic, and
homogeneous size (100). Most proteins can be readily adsorbed onto polystyrene bead
by hydrophobic interaction which is largely independent on pH with most efficiency at
pH that closes to theirs isoelectric point (pI). Various concentrations of each
monoclonal antibody from 200 to 700 pg/ml were titrated for optimal absorption onto
latex particles. Monoclonal antibody at concentration of 400 and 500 pg/ml showed
the rapid and high levels of agglutination reaction (Figure 2A-D). The sensitivity of
each latex reagent was characterized by agglutination with its homologous viable
leptospires. The minimum quantity of leptospires that could be agglutinated by the
latex reagent was ranged from 2.58 x 10° to 2.68 x 10 leptospires/ml (Table 14). Even
though, the sensitivity of latex reagents is quite low but their sensitivity is not the
problem for identification. Because the concentration of the leptospires to be identified
can be increased after longer incubation, or increased bacterial cell concentration by
centrifugation and adjust into small volume. This panel latex reagent was highly
specific to representative leptospiral serovars of each homologous leptospiral
serogroup with no crossreaction with representative leptospiral serovars of
heterologous leptospiral serogroups (Table 12) and other bacterial genera (Table 13).
The specificity of each latex reagents is correlated with the specificity of its
corresponding monoclonal antibody. Furthermore, the sensitivity and specificity of
latex reagent is stable for at least 12 months when kept at 4 °C. Thus, this panel latex
reagent could be a new tool for the rapid serogroup identification of leptospires in
Thailand.

The efficacy of the panel latex reagents was evaluated and compared with the
reference  CAAT method (performed by Dr. Lee Smythe from WHO/FAO
Collaborating Center for Reference and Research on Leptospirosis, Center for Public
Health Science, Queensland, Australia). The samples were 125 leptospires isolated
from rats’ kidney. The results (Table 15) showed that the panel latex reagents could
identify 124 leptospiral isolates while CAAT could identify 123 leptospiral isolates.
Two leptospiral isolates that could not be identified by CAAT were died during
transportation to the reference laboratory. The latex agglutination overcomes this
problem because it can recognize with either live or death leptospires. However, the

panel latex reagents could not identify one culture isolate. This result may be due to
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the limitation of the 16 produced latex reagents which are not covered the
serogroup/serovar in this sample. Another samples are 113 leptospires isolated from
patients’ blood samples identified by CAAT. The correspondence of the identification
by using panel latex reagents and CAAT was found in 112 of 113 samples (Table 16).
However, one isolate was identified as serovar Pyrogenes by CAAT while latex
agglutination identified as serogroup/serovar Autumnalis. This isolate was related with
new lot of this latex reagents that specific to serogroup/serovar Autumnalis and
Pyrogenes. The result showed that this isolate agglutinated with anti-Autumnalis latex
reagent but not anti-Pyrogenes latex reagent

In addition, 84 leptospires isolated from patients’ blood samples with no results
of identification by CAAT were also included for evaluation of latex agglutination
identification (Table 17). Fifteen samples were sent to WHO reference laboratory
(WHO/FAO Collaborating Center for Reference and Research on Leptospirosis,
Center for Public Health Science, Queensland, Australia) but the bacteria did not grow
in the subculture medium. Therefore, the CAAT could not be performed. These 15
leptospiral isolates could be identified by latex agglutination. So 113 of 128
leptospires isolated from patients’ blood samples (88.28%) were able to identify by
CAAT while all 128 isolates were readily identified by latex agglutination. These
evidences support that latex agglutination can reduce the risk factors for
unidentification such as sample contamination or died during transportation. It could
identify death leptospires in older sample or other bacteria contaminated sample (data
not show). Another 69 samples which were not sent to identify by CAAT, but it were
further identified by latex agglutination. Forty two of 69 samples could be identified
by this method. To clear up this limitation, more monoclonal antibody specific to other
leptospiral serogroups should be produced to develop the full panel of latex reagents
for identification of all serogroup of L. interrogans. This panel latex reagents could be
used for identification of leptospiral serogroup of the isolated bacteria or to check the
specificity of stock antigens in MAT testing. Furthermore, this test can be used for
identification and tracing the relationship of prevalence serogroups/serovars in
reservoirs and in patients. These data are beneficial for epidemiological study, proper

protection and vaccine development.
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CHAPTER VII

CONCLUSION

In the present study, 16 latex reagents were developed using 16 clones of in-
house monoclonal antibodies that specific to 16 leptospriral serogroups/serovars
commonly reported in Thailand during the past ten years which were Australis,
Autumnalis, Bataviae, Bratislava, Canicola, Cellidoni, Cynopteri, Grippotyphosa,
Hebdomadis, Pomona, Javanica, Pyrogenes, Sarmin, Sejroe, Tarassovi, and
Semaranga. The latex reagents were evaluated for the identification of leptospires
isolated from rats’ kidneys and patients’ blood samples comparing with cross
agglutination absorption test (CAAT)

The monoclonal antibodies were partially purified and concentrated by 50%
ammonium sulfate precipitation and passively adsorbed onto the latex particles. The
optimal concentrations of the monoclonal antibody to be adsorbed onto 1% of
polystyrene latex particles (0.84 pm in diameter; Interfacial Dynamics Corp., Portland,
USA) were found to be 400 — 500 pg/ml. The latex particles coated with the
monoclonal antibodies were used in the latex agglutination test. The latex
agglutination test was performed by mixing an equal volume, 20 pul, of the bacterial
culture and the latex reagent. Agglutination reaction can be visualized by eyes within 5
minutes. The intensity of agglutination reaction is graded from 1+ to 3+ that depend
on the concentration of specific antigen.

The minimal bacterial quantity that can be agglutinated by each latex reagent
was ranged from 5.16 x 10* - 5.36 x 10° cells. The latex particles coated with
monoclonal antibodies were stable and maintained their original sensitivity and
specificity for at least 12 months.

The panel latex agglutination was evaluated with 125 leptospires isolated from
rats” kidneys comparing with the reference CAAT method. Both latex agglutination

and CAAT methods demonstrated 100% correlation in sensitivity and specificity.
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The Kappa value of this test is 1.00 which suggests that the 2 methods are excellent
agreement.

One hundred and thirteen leptospires isolated from patients’ blood samples
were double blind identified by latex agglutination comparing with the reference
CAAT method. The results showed that Leptospira serogroup/serovar identified by
both techniques were almost identical. The sensitivity and specificity of latex
agglutination for identification of leptospires isolated from patients’ blood samples
were 100%, and 99.11%, respectively. The Kappa value of this testing is 0.99 which
suggests the excellent agreement of these 2 tests.

In additional, 84 leptospires isolated from patients’ blood samples which were
unknown serogroup/serovar were including for identification by latex agglutination.
Fifteen samples were sent to WHO reference laboratories and the bacteria did not
grow in the subculture medium therefore, the CAAT could not be performed. These 15
leptospiral isolates could be identified by latex agglutination. The other 69 samples
were not sent to identify by CAAT, but it were further identified by latex
agglutination.

In conclusion, 128 leptospires isolated from patients’ blood samples were sent
to WHO reference laboratories. Only 113 of 128 leptospires isolated from patients’
blood samples (88.28%) were able to identify by CAAT while all 128 isolates (100%)
were readily identified by latex agglutination. In other 69 samples were further
identified by latex agglutination. Because the incomplete of latex reagents in the panel,
only 42 of 69 leptospires isolated from patients’ blood samples (60.87%) were able to
identify by latex agglutination. However, all of 197 leptospires isolated from patients’
blood samples, 170 samples (86.30%) could identify by latex agglutination.

The panel latex reagents are useful for rapid identification of leptospiral
serovars/serogroups including Australis, Autumnalis, Bataviae, Bratislava, Canicola,
Cellidoni, Cynopteri, Grippotyphosa, Hebdomadis, Pomona, Javanica, Pyrogenes,

Sarmin, Sejroe, Tarassovi, and Semaranga.
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GENERAL REAGENTS

0.15 M phosphate buffer saline (PBS) pH 7.4

NaCl (Merk) 8.00 gm
KCI (Sigma) 0.20 gm
Na2HPO4 (Merk) 1.44 gm
KH2PO4 (Merk) 0.24 gm

Dissolve in distilled water, adjust to pH 7.4 with 1.0N HCI and adjust to 1,000 ml final
volume with distilled water. Sterilized by autoclaving for 15 minutes at 121 °C, 15

Ib/square inches.

REAGENTS FOR LATEX REAGENT PREPARATION

0.1 M Phosphate buffer pH 7.4
Add 0.1 M NazH,PQO;4 solution (220 ml) into 0.1 M Na,HPO, solution (500 ml)
until these mixing solution is pH 7.4, filter sterilization (0.2 um) and stored at 4 °C

Storage buffer

NaCl 0.88 gm
BSA (Sigma) 1.00 gm
NaN3 (Merk) 0.10 gm
99% Glycerol (Sigma) 5.00 ml

0.1 M Phosphate buffer pH 7.4 20.00 ml

Adjust to 100 ml final volume with distilled water, filter sterilization (0.2 um) and
stored at 4 °C
0.17 M Glycine buffer saline (GBS) pH 7.3

Glycine (Sigma) 0.28 gm
NaCl (Merk) 7.50 gm
NaN3; (Merk) 0.04 gm

Dissolve in deionized water, adjust to pH 7.3 with 1.0 N HCI or 1.0 N NaOH and
adjust to 1,000 ml final volume with deionized water, filter sterilization (0.2 um) and

stored at 4
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REAGENTS FOR MONOCLONAL ANTIBODY PRECIPITATION

Saturated Ammonium sulfate solution

Ammonium sulfate (Carlo Erba) 761 gm
Dissolve in distilled water 1,000 ml, adjust to pH 7.4 with 1.0N HCI or 1.0 N NaOH ,
filtrate by Whatman filter paper number 1 and stored at 4 °C
50% Ammonium sulfate solution

Ammonium sulfate (Carlo Erba) 313 gm
Dissolve in distilled water, adjust to pH 7.4 with 1.0 N HCI or 1.0 N NaOH and adjust
to 1,000 ml final volume with distilled water, filtrate by Whatman filter paper number
1 and stored at 4 °C

MEDIA FOR BACTERIAL CULTURE

Ellinghausen-McCullough-Johnson-Harris (EMJH medium)
Stock solution for EMJH medium preparation
Each reagent is prepared to 100 ml with distilled water and kept at 4 °C as

stocks separately

NH4CI (Merk) 25 gm
ZnS0,. 7TH,0 (Merk) 0.4 gm
MgCl, (Merk) 0.695 gm
CaCl,. H,0O (Merk) 1.5 gm
FeSQO,. 7H,0 (Merk) 05 gm
CuSOQq. 5H,0 (Merk) 0.3 gm
Sodium Puruvate (Merk) 10 gm
Thiamine HCI (Merk) 0.5 gm
Cyanocobalamine (Merk) 0.02 gm
Glycerol (Merk) 10 ml
Tween 80 (Merk) 10 ml

Basal Medium (1 liter)
Na;HPO, (Merk) 1.0 gm
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KH,PO, (Merk) 0.3 gm

NaCl (Merk) 1.0 gm
Dissolve its in distilled water 996 ml before adding these stock solutions:

NHA4CI 1 ml

Thiamine 1 ml

Sodium Pyruvate 1 ml

Glycerol 1 ml

Adjust to pH 7.4. Sterilized by autoclaving for 15 minutes at 121 °C, 15 Ib/square
inches. stored at 4 °C

Albumin Supplement (100 ml)

Bovine serum albumin (BSA) (fraction V, Sigma) 10 gm
Completely dissolve BSA by autoclave distilled water 60 ml before adding these stock
solutions:

MgCl, 1 ml

CaCl, 1 ml

ZnSO4 1 ml

CuSOq 300 i

FeSO4 10 ml

Cyanocobalamine 1 ml

Tween 80 125 ml

Adjust to 100 ml final volume with distilled water. Filtration through a 0.2 um filter
and stored at 4 °C
Brain heart infusion broth (BHI broth)
Brain heart infusion (Gibco BRL) 38 gm
Distilled water 1000 ml

Sterilized by autoclaving for 15 minutes at 121 °C, 15Ib/square inches.
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