CHAPTER I
REVIEW AND RELATED LITERATURES

Melioidosis : historical review

Melioidosis is an infectious disease which was first reported in 1912 in

(17).

Rangoon, Burma At a pos examination, the disease shows

guinea pigs, but severa o Wilcal fea @sweretabsent. The organism has
been shown by microscoph file’ More and Krishnaswami proposed
the name Bacillus pseudorga RIS e overed bacterium."” There are

many names for this diseas€ rgpared. in iterature, including Whitemore's

disease, morphia infector's se "’r‘?'., goon beggar's disease. This
2R

dlsease Was named ' I-II-IEL‘&‘-II-V-:"”"‘--C—I-tI—ﬁ --------- _-'_ the Greek meaning

i
the organism in the literaju e is Pseudomgnas pseudomallei, although it has

repﬂmymﬂm WA BT e pocucomater

Bacillus wh/tmor/ Pfeifferella  pséudo-mallei esMalleomycesis pseudomallei,

povopscioluil pAdgh 1k dob Aditodcild Edich Ve ana. mosi

recently, Burkho/der/a pseudomallei accord-ing to new data on 16s RNA

having a resemblance h ¢ dis i fie most reported name of

sequence, DNA-DNA homology, lipids, and fatty acids""?



The bacteria in this genus include both animal and plant pathogens such
as B.cepacia, B.pseudomallei, B.mallei, B.gladioli, B.cocovenenans, B, andro-
pogonis, and B.caryophylti. The name Burkholderia originated from a scientist
named W.B. Burkholderia who discpvered the causative agent of omnion

(19).

disease (B.caryophyiti) ™" The first melioidosis case in Thailand was reported in

1955%% |n 1985, over 800 cases were documented®” During the past 20 years,

in north-eastern Thailand, melln'

acquired septicaemias. Currént \\ ur/gofatR there are 500-1000 melioidosis

e nefd HE MRS IATe omen oo

negative bacnllus A gram stain shews bipolargstaining whigly resembles a
o o RANISUUINLIEN Bl
clinical spemmens is extremely variable® The organism grows aerobically on

most agar media such as blood agar, McConkey agar, and eosin methylene
Blue(EMB ) and produces clearly visible colonies within 24 hours at 37°C. On
Blood agar plate the organism has a unique character, rugose or like a

cornflower head.This feature can be clearly seen in certain agars such as
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Ashdown agar, which is a simple agar containing crystal violet, glycerol and

gentamycin, and is commonly used to culture organisms from contaminated

(24).

specimens such as sputum In general the organism can be isolated from

clinical specimens that are usually sterile or only slightly contaminated by using

G 23).
general media such blood agar( )

For the general characteristics , this
organism are oxidase positive, utilizes glucose through the oxidative pathway,

multitrichous flagella, producing itrate, and arginine dihydrolase and

gelatinase decomposition. ical features of B.pseudomallei

Q}Ie sugar iron(TSI) agar, a
nel u\ anamycin and tetracyclin,
(23).

vas isolated from the soil.

are the reaction of A/N (y

musty earthy odor, a sensiti

and resistance to genta " AlgF o ).
Recently, a new @ibtybafq

This new biotype has disiifcift stance it can use arabinose

(25,26).

sugar as a substrate andgs 1:an animal model This

biotype was named B.thailagtle, (R es”” This finding led to the

study of melioidosis pathoge _ﬂg{a -;4 ore complicated The optimum

temperature for gro ’C';=:'_‘_“1‘_'¥£‘1‘..'1‘.‘"""_'= --------- -»‘ 37-42 C, and most
workers have been unaBe 0 gre ganism at %ﬂperatures below 21°C.

However, B.pseudomalleig has demonstratgd a high versatility and adaptability

even though it Cﬂnmg n&%ﬁsmﬁ I/./]?ﬂ‘jan unusually wide

range of potentlal metabolic substfates. Carben storai is %itved under
conditions’%fﬂgrﬁﬂxﬂsjtgusumc;]ngo ;l;@

composed of polyhydroxybutyrate. These inclusions account for the safety-pin

inclusions

appearance of gram-stain stained bacilli. B.pseudomallei can utilize nitrate
; T . : 28).

under anaerobic conditions as an alternative terminal electron accepter( "It can

be isolated from environmental samples such as soil, stagnant water, water

treatment plants or rice paddies. B.pseudomallei has been isolated from soil
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samples at a depth of 90 cm® The organism can survive without any nutrients

in distilled water for several years. The species tolerates a wide pH spectrum,

(29).

temperature range and ultraviolet radiation Recently, it has been reported

that viable B.pseudomallei can be detected using epifluororescent supravital
stains at pH too low to allow detection of bacteria by conventional viable count

“ There are other reports of soil which are positive by B.pseudomallei

(31)

specific PCR™ ", but which do not g ulturable bacteria, which raises the

ﬂ mallei in a viable but non-
Qn from water and soil has

< 28).
)am, AUstzalia and Thailand®”

possibility of survival of e
culturable (VBNC) state.
been reported mainly from

The entire seque eguenced by the Welcome
Trust Sanger centre. T arge at 7.24 Mb, divided
uneqaully between 2 ¢ some 1 of 4.07 Mb and
chromosome 2 of 3.17 Mb of G+ C is 68%. Itwas
estimated that there are a to average length of each gene

at 1031 bp'*

5w+;-;
Ecology and Epidemmo

The majo rﬂfﬁ qﬁi?lto)irwj outheast Asia and
northern Australiﬂ"meen la :ﬂegﬂ and 2 ehoudosus cases have
been mcaWW] amfwumﬁ% mﬂjilsuch as the
Indian Sub@ontinent, central Africa, central and south America, the Caribbean
and some Pacific islands during the last two decades. Most patients in western
countries have visited an endemic area as tourists or as service personnels or

U e o ; 33.34).
contact with immigrants or visitors from an endemic area*>¥

B. pseudomallei
can cause disease in a wide range of animals, including cows, buffaloes,

sheep, goats, birds, crocodiles, etc. However, the B. pseudomallei organism
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has not been isolated from the stool or urine of the reported animals, and
therefore melioidosis not classified as a zoonosis ' "

Meliodosis cases have been reported from every part of Thailand, with
the highest number of cases cpming from the northeastern area. Most victims
have been in contact with wet soil or contaminated surface water. These data
raise questions concerning the role of B. pseudomallei in the soil and also

melioidosis infection rates. The distgidution of B. pseudomallei in soil collected

from the four non-urban _ré “\ %ilnd and the frequency of B.

20.4%, and 5.9% of t the northern, central,
northeastern and south " j" l‘ Vel @ infection rate in patients
attending government hqgpi . 'm; ! t gion (137.9 per 100,000
patients) was significantly g 1 ' the ﬁonhern (18 per100,000),
central (13.4 per 100,000)f apd- south 44 per 100,000). The data
suggested that melioidosis rfgi; e presence of B.pseudomallei

(:18; :357),

in the soil The: alive ara-) B.pseudomallei

strains in soil samples o,il he S dﬁd at the same time and it
was found that the Ara- s)ram in soil usola‘j in the northeast was significantly

higher than thOSﬂ%ﬁeﬂeWﬁ%@ wrﬂmrﬂ‘rﬁore virulent biotype

(ara-) soil isolat& is also a facter contributing to a highuprevalence of

merowosinpriegienhapbid V1174 VIE 16 E

Clinical manifestations

The clinical symptoms of melioidosis vary greatly from asymptomatic to an acute
fulminant septicemia. There is usually no obvious infected wound or evidence of

recent trauma. The disease is characterized by abscess formation'™ A
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classification system for melioidosis was proposed by Punyaguptam with five
categories:disseminated septicemic, non-disseminated septicaemic, localised,
transient bacteremic and probable infection. This last category is based on
serological findings. The disseminatéd septicaemic group accounts for 45% of
cases, with mortality rate of 87%. Non-disseminated septicaemic disease is
seen in 12% of cases with mortality of 17% and localised disease accounts for

42% of cases with mortality of 9%,

eiclinical presentations of patients with

melioidosis usually fall into onesef the five S described. This type of

classification can be helpfiik tient are

The definitive diagnosis [ ;__ de by Solation of B. pseudomallei
from clinical specimens ¢ d 15 Fpartiof the body(”' The throat swab

culture is 90% sensitive co il lture and is especially useful

(37).

in children or debilitated ‘,;_i,gﬁ— ho/e expectorate Routine media

such as blood agar v"":‘.:.:;;:;;:;;;;:;;:;;:::;;;;;;:.;;‘:;:". pecimens except highly

— I}.‘ |

contaminated samplesIﬂu smelective media such as

Ashdown.?*?*" There hav‘e pbeen many r arch developments in serological

testing and usﬂqu &j;@ ‘Fl &l}%?hw Eio']aﬂ ﬁ the diagnosis of

melioidosis. Sero%‘gncal tests such @s the indirect haemagglutipation assay are
used wud&ﬁft‘v&%ﬂcﬁsm uwe::]ﬂg tva &Is:;)] atﬂs antibodies
directed a:_!,)ainst the conserved lipopolysaccharide — the immunodominant
group. Serological test can help to exclude melioidosis, or lend support to the
diagnosis in areas where prevalence is low, but they are of little use in endemic

38). . . ‘
®8- various primer designs,

areas where most of the population is seropositive
such as regions of 23 S rRNA, the junction between 16S rRNA and 23 S rRNA,

or the specific sequence designed from a specific probe for detection of
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meliodosis, have been used in PCR for melioidosis detection. None of them has

given satisfactory performance compared with the culture method®®

Melioidosis should be suspected in any severely ill febrile patient with an
underlying predisposing condition who lives in, or has travelled from, an

3 1).
endemic areas( :

Pathogenesis of melioidosis V

The mechanism of% ‘ osns remains unknown as
many other well known ‘/n \ ) *«= nidlogical datas suggest that
the melioidosis patients agét \u from contaminated soil

\
few percentage of melioid@€is#p ient 1 ed history of skin lesions,
ﬂ\ld-l
i.e. 5.2%(22/423) in Thailafid faad: @4 2 ._ ; \ Australia“®*" The other

evidences that support this f.,, e --~ ibed. The correlations have

" However, there are a

and water via skin abrasig#, 4l Atioa-— ’k\

been found between the nu iled melioidosis patients in the

government hospital. h) the number of B.

pseudomallei organis 0

.t? cnvironmental samples

(i.e. the number of s0il S mples that are posmve for 5. pseudomallei, and the

colony forming ﬂ ufﬂ quﬂ 5“ W‘]’ﬂ‘ﬂ“e highest number

of melioidosis casés has been repouzed in northeastern part that correlates with
ve nr Q4R G0 P FOUHIAD VI BIAGER s on
number of grabmose negative strain of B. pseudomallei in the s0il®*® The data
solve some previous disputed reports that the high incident rates of melioidosis
are high in northeastern but the B. pseudomallei isolation rate from the soil are
highest in southern part(m

There is a wide spectrum of clinical presentations resulting from

infection with B. pseudomallei ranging from acute fulminant septicaemia,
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subacute, chronic or subclinical infection'™ Although the acute melioidosis can
be occurred in a strong healthy person, most of them have underlying disease
such as diabetes mellitus, renal disease, cirrhosis, thalassaemia, alcoholism or
those who are immunosuppressed as the result of either disease or drug

(1.38).

treatment However, melioidosis does not seem to be associated with HIV

infection™” The other unique feature of melioidosis is incubation period that
ranges from shortly only 2-3 days toyr ’ han 29 years“)' Thus the factors that
contribute to the development of me &jay consist of the route of

Qﬂg strain, immune com-

petence and genetic predi h » hoStslhe specific roles of these

determinants in the pat )f +eliQidosis human remain for further
investigation. ’ \ \
Two biotypes of ? a r‘f 1aveibeen reported in the natural soil

i
as arabinose positive and dra n@éé 1egative strain. Although one melioidosis
M.;.

case has been reported to .f-_:;g-ga-).a- = positive strain, nearly all of

reported melioidosis patients .g,':g{;,é, ed abinose- negative strain*” The

biotype of B. pse r.kéﬂ;:;;l;‘_l._;.!;m-Il_llﬂlf-ﬂlr‘i'-{:i‘ in diverse Clinical
; T

presentations of melioi(ﬁsn g |Iiﬁ to assimilate arabinose

sugar of the B. pseudorp%i relates tch}he ability to cause a disease is

oo, e G FREAFH B o o0 omrese

phenotype that link to some virulence’genes of Bepseudomalleigus

Tﬂ w%Meﬁm ums’;]o%m Enlglta)alomplement,
lysosomal gefensins and cationic peptides. The organism also has been
demonstrated to produce many extracelluar substances such as protease,
lipase, lecithinase, catalase, peroxidase, superoxide dismutase, hemolysin, a

6,45,46). y 3
(P50 The role of each determinant in

cytotoxic exolipid and siderophore
melioidosis remains further investigation. B. pseudomallei produces a gly-

cocalyx polysaccharide capsule. This capsule genes cluster has been
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demonstrated to be a major virulent determinant of B. pseudomallei. The
mutagenesis of the capsule gene cluster of B. pseudomallei markly reduce the

‘ 5 3 47).
virulence in animal model

The role of this capsule polysaccharide in
melioidosis pathogenesis remains unknown.. The capsule may facilitates
formation of microcolonies in which the organism is both protected from
antibiotic penetration and phenotypically altered, resulting in reduced

susceptibility to antibiotic*®

B. pseudomallei is r organism that has ability to

invade both phagocytic"’pthThis bacterial organism

survives inside several eu ings 2 s.seen within the phagocytic

high relapse rates of ighc ‘and '.-‘s-\ of melioidosis. After

embrane-bound phagosome
into the infected cell cyt i Afi hen \ embrane protrusions by
inducing actin polymerisatio o0E _ actin protrusion from the infected

51).
I( )

cell membrane mediate sprea d.ciihe orga from cell to cel The infected

cells have been demy ,;_;;;;:;:;::;;:;;:;:;;:;;-;;:;;;;;;:;;:;;::;-.: 6/ nitric oxide synthase

(INOS) at a detectable 1 'v 2 Imower amount of tumor

necrosis factor alpha( TNE g)(‘r’z) This dﬁgs support the survival of bacterial

s oo 114 SYHBI S For 0 conan

least 3 type three secretion system¢(TTSS) clugters in the gepome. This well
roun il Benb v B3 Bl bkl 3 L b6 £

Most of acute fulminant septicaemic melioidosis patients have an
underlying disease such as diabetes mellitus and chronic renal failure. The host
immunity may also play an important role with the severity of the disease. In
animal experiment, interferon-gamma is essential for host-defense, but other

components are almost certainly important. Septicaemic melioidosis is
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associated with a vigorous inflammatory cytokine response. The high level of
pro-inflammatory, anti-inflammatory cytokines, tumour necrosis factor (TNF),
interleukin-6, interleukin-10, interferon-gamma and interleukin-18 are found. The

concentrations of interleukin-6 or interleukin-10 are independent predictors of

(54.55.56).

mortallity The CXC chemokines interferon-gamma-inducible protein 10

and monokine induced by interferon-gamma, and the serine protease

(57.58). T

granzymes A and B, are also not diged in septicaemic melioidosis he

308 TNF promoter polymorphi .& ; related to disease severity.

Melioidosis has been posii ASSOE te@_A class Il DRB1*1602 in

(59.60). ' Y\ cantly with septicaemic

u nparisen with 4.8% in control
AN

Thailand This allel
melioidosis (10% in m
group); this association onfounders such as diabetes

mellitus.

cause a disease in

There are e‘:;-~—_—-—u-—-------—-;-—--——---—-~-fr4—,:,3:
e LY
human being. These bacte DEGHIC ability to colonize and

i . 1

proliferate in a special arsa of the host enwronment that can compete with the

normal bactenaﬁﬁuﬁr{}%@ w@swe@e’]aﬂy‘jermed as virulence

factors. The gent’s that encoded ghe vnrulenc& factors are,ﬁalled virulence
soes. 19, WA STVTH B A DAL 1 e
contrlbutlng to infection as well as disease, with the exception of house keeping
genes which encode functions that required for efficient multiplication on non-
living substrates®” However, in some situation, the definition of virulent genes
could not be clearly separated from non-virulent genes. The molecular form of
Koch's postulates may be applied as follows; the phenotype or property under

investigation should be associated with pathogenic members of a genus or
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pathogenic strains of a species; specific inactivattion of the gene(s) assoicated
with the suspected virulence trait should lead to a measurable loss in the
pathogenicity or virulence; reversion or allelic replacement of the mutated gene
should lead to restoration of pathogenicity; the induction of specific antibodies
to a defined gene product should neutralize pathogenicity. In this case, when
antibodies against a certain molecule protect an animal from disease, this is

(61).

accepted as sufficient to call such lagtor a virulent factor In fact, one

phenotype may require a grouf

changeable phenotype fromsmutation & or@ene may not be observed

o i p 4 (62.63).
In in vitro experiment

The bacterial i | \ and dynamic process. The
virulence mechanism ca g t Ps which each step usually
involves different virule n of genes in the host is
regulated by many changeé ; Nt Tacte * hat could not be simulated

in vitro condition. The bactéfia iF 108 ave differ from in vitro condition

(64).

such as requiement of iron_fof t;{_;__. al temperature and pH®"" The

>
= - — -

Clonlng and Charac #ﬁ:-l lllllllllll —v4avim——samia A= '_““ are important for

understanding the molﬁ_l z ri%pathogen. The classical

study of virulence genes‘us carried out bUhe generation of random mutants

- ﬂwm B THBHA T o o oy

limited number of genes are discovered® Thls&chmque is improved by using

tageted rﬂqtﬂrasa ﬁ)ﬂ\ﬁmeurm&a]:gongj;]ﬁagj is that the

genes are induced within the host and are not expressed under normal
laboratory conditions®**”

With progressive development in molecular biology and immunology,
the bacterial pathogenesis study are focused on detection of the in vivo
expressed genes. The numbers of some smart techniques have been

demonstrated to be valuable tools such as In Vivo Expression Technology
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Technology(IVIAT)""%® Signature tagged Mutagenesis(STM)""® and Differential
Fluorescent Induction(DFI). el Currently, with advance in bioinformatic program,
the increase number of DNA data |n GenBank and the high sensitive detection
chemiluminesent protocol, let the immunoscreening approach to be a promising

one to detect the in vivo expressed genes.

Wy
ﬁﬁselecting bacterial genes

expressed preferentially dusi \ aimal host. Random bacterial

In vivo expression technology I

IVET is the first practic

DNA inserts are clone a prom w- 8ss, reporter gene (such as
purA::lacZY) and introdu i # ac :. osome of an avirulent purA-
strain by homologous r i : e PUrA=Strains cannot grow in the
host, bacteria can replicat if tf : .\h able promoter expressed in
vivo. The bacteria survivin / it al are then screened on agar
plates in search of purA—lacZ --‘ s ,2:1 t

L

u—""—:;.';;-E:;a::i:;:;:;;;’»'r nt upon an arbitrary
' p L

silent under laboratory in vitro
conditions. This identifidatic
criterion for the absence o . 2 omgrown bacteria""" IVET

has allowed the identi |09t|on of hundred of ivi genes in a diverse range of

ot v KUK I P49 ) T, P

domonas aeruglﬁéa Staphylococcus aureus, g/br/o chole and Candida

s VB AT A I ) oo

categories: regulator metabolic/physiological, stress response and unknown

function. While mutations in selected in vivo induced genes lead to a decrease

i 5 . 68).
in virulence, the role of many of these genes remains unclear®



20

IVET applications have not been limited to animal models, but also
involved cultivated cells for pathogens such a S. typhi and S. typhimurium. The
original IVET strategy has been modified to replace the pur gene with cat and

tnp gene that can be more applicalbe to other bacterial pathogens.

e . ,66
IVET limitation®*%® have also be seen such as;

1. Alarge number of identified ivi genes are not specific for

2. It does notindicate - 'ée bacterial genes are

d'or expressed in vivo at all the
R
\

3. Itrequftes _a_" ne to'sun ive in the host until they

virulence.

time.

=

I
i¥

ﬂ‘IJEI’J‘VIEWIﬁWEI'm‘i
ammnimumawmaﬂ
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Partlally
di ested

ey e ApurA

ﬂﬂﬂ?ﬂﬂ?ﬁﬁﬂﬂlﬂn R

QRAINIYAPINGTAD

Host selects Pur* in vivo
Recover bacterial cells

Screen for Lac™ in vitro

Figure 1 Schematic reprsentation of IVET strategy®
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Signature-tagged mutagenesis (STM)

This system uses a negative selection strategy to identify avirulent strains

12
created by transposon mutageneSIs( .

Each transposon is tagged with a
unique oligonucleotide sequence that allows for individual clones to be
identified from a large pool of mutant strain. The basic steps of this approach

include: constructing a large pool of i osons, each individually tagged with

transposon mutant strains, each o which @ed in a separated well in a
standard microtiter disﬁ( s utants through animal model of

infection to provide neg wuth attenuated virulence
(i.e. disruptions in esse ing or surviving with the
infected organ); recoverifig ' -, g vir Ile }bacteria; amplifying and
lebeling the tagged sequ ~~« Oson Insert using the PCR
identifying avirulent strains vered pool of mutant. The last
step is accomplished by coru@m idization patterns produced by
radiolabeled tags amplified from the input librany af s_,' recovered bacterial

survivors to DNA dot*blots . oI The tags present in
mutants deficient in p hogenlc genes are absent rom the final pool. This

technique coukﬂ um%%ﬁﬂﬁﬂsﬂ@umms in a single

animal. STM difféfs from IVET in ‘that STM |dent|fes functlag,s required for
e RARTENT It URAINYIAY

STM%as been applied to various bacterial patghogen such as S. typhi-
murium, V. cholerae, Y. enterocolittica, S. aureus, Streptococcuc pneumoniae.
Some virulence genes such as type three secretion pathogenicity islands was
unexpected to be detected as necessary for in vivo Salmenella growth(m)' With
screening more than 20,000 mutants from 14 bacterial species, STM can identify

more than 400 genes of in vivo attenuated mutant. Only a few genes encoding
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known virulent factors were identified. The discovered genes were genes
encoding proteins involved in cellular functions such as metabolism, transport,

replication and repair.

Some limitations of STM approach has been reported as follows®*"*"" -
1. Transposon may not be fully integrated to the bacterial

chromosome that let the mulation occur at some specific area of the

chromosome. \
2. The mutati ' a@ toxin production may

results in trans-complem

3. The

4. STM
moderate reductions i " oniin genes thatare critical for causing
disease but do not appr, 2 ne bacterium in the host for
affect the bacterium’s
ability to colonize the host

5. STM.exc bacterial growth, as an

insertion in such a 1‘,; ethal pi J

1y

Limitation of IVET and STM=,

AL INENINYINT

Accordingo their strategies,  Some Ilmltatlons of both STM, and IVET have

veon AR THOPPID B YRy VBl oo svong

vitro to be' classified as in vivo induced i.e., toxin genes and extracellular

binding protein. Not all genes that are expressd in vivo are required for survival
in vivo and some genes that are required for growth in vivo may also be
expressed in vitro. It does not indicate at which point the bacterial genes are
required (whether they are transiently induced or expressed in vivo at all the

! 65,66).
tlme)( :
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DNA sequence tag
invariable variable invariable
arm region arm

Bree » o 1 INKIl,,

Microtiter dish with tagged
transposon mutants

replicate onto
membranes 1 & 2

1
0000000

BT ‘é‘%ﬁ%ﬁ"iﬂwjﬁm

oooooﬂ.’b

- S 4RI BIANATNENA Y |

inject into
mouse

embran release arms  amplify tags recover bacteria
from spleen

CO.....
0000000
0000000
000000

L1
g h<-—_—<—
H H

-~

recovered [
pool

) (66)
Figure 2 Schematic representative of STM strategy
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Differential Fluorescence induction (DFI)

This technique uses a green fluorescent protein (gfp) as a reporter to
identify genes expressed in tissue culture such as macrophage cel™ DFI
involves the cloning of random fusions of genomic DNA fragments upstream of a

promoter-less gfp gene. The library of fusions is maintained in plasmids and not

recombined into the bacterial Chir¢ no . The library of random promoters

fused to gfp are subjected @ tissue Fluorescence activated cell

growth of the bacteri ) N On ine NET atory media yielded a

with at most one bacteriu at emit a fluorescent signal
after bacterial infection po id _,.,: d" bz | 7 ulation that contained gfp
fusions specifically ac ivc_ii‘?’im“' 4 environment. DF| has
been applied to ISO|aE C en%tallly expressed within

macrophage of S. typhinguggm Fourtegn, macrophage-induced gene have

been identified. ﬁo’p& &l ’Be?,ﬂ r&%@ ngr@n‘iompnse essential
plasmid or chromosomal genes for inf vivo survivakincludin components of type
oflga'lﬂe

 secroicnlsylen MGl i V17| s

gram positive bacterial pathogens have been studied using DFI, including E.

gative and

coli, Listeria monocytogenes, Staphylococcus aureus and Streptococcus

pneumoniae.
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DFl is like IVET, will not identify genes which are expressed in vitro and
are also important for virulence in vivo. Further experiments are always needed
to determine whether ivi genes are.crucial for bacterial virulence and survival in
the host. Although most of the well known classical virulence genes have not
been recovered by this DFI approach. DFI is still a useful tool for identifying

bacterial virulence factors as well as a mean of elucidating the

microenvironment encountered upon infection.

AUEINENINYINS
RN TUUMING AL



Pool of bacteria
containing ¢fp fusions

Recover
bacteria
on Iaboratory
medium

2

Inactive in vitro [

I ANANTNYAS

e ¢ o [y,
 ARTRNIUNAINYTAY
§:~ Baqteri? C_?Maining potential - . 8 ‘

2. n vivo mduced_fusnons

, (66)
Figure 3 Schematic representation of DFI strategy

27
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Limitation of IVET, STM and DFI

Although some new insights have been demonstrated from isolated jvi
genes profiles, some limitations also have also been noted such as: they
depend on the use of animal models of infection or tissue culture that might not
closely approximate the human conditions. Erroneous conclusion may be

drawn by extrapolation of results

animal model to human infection. In

Some known viruleaece-deterr ‘ = en shown to be expressed
in vivo of S. typhimurium S 'S n y. ..H; SPVB(IVET); sas H(DFI);
SPVA, spvD, spvR (STM | v me ce genes that expected

to be expressed in vivgs _ o) dysuch as toxR/toxS of V.
cholerae in the intestihe *\ ~_ phylococcus toxin in mice
by STM. This raises the % 7‘ = ~ es described as putative
virulence determinants in vi /A2y ot Progy -4 in vivo and are not essential

. 65,66).
for wrulence‘ :

Y

i

ﬂUEI’WIWIiWEI’]ﬂ‘i
ammmmum'mmaﬂ
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An approach to isolating in vivo expressed gene by reacting with

antibodies produced by infection.

Host immune response has long been used as an indicator of vaccine
efficiency. During bacterial infection process, many of bacterial genes are

expected to be expressed to overcome the host defense system, colonization

and proliferation. Some of encoded ip of bacterial in vivo expressed genes

could induced specific imm ne respor »n) are very few research works
. . ] . J . .

that have used induced tnblewn Vivo expressed gene by

immunoscreening. One rgas! -- ‘35‘ ficient sensitve detection

system in the past A \ ’

nly W pragressive  development in
e Y ) \\\ e -
d_moleeular biology in combination of

[ (:'F’ \\

enBank, let this approach

drastically increase of D \ \
to be a possible strategy. 4 J Teén g Stategy has been applied in
Borrelia burgdorferi infectioft ipymiee. modekgihelibrary was screened with the

absorbed serum from active 52%,%:, and imunized heat —killed B.
burgdorferi mice. -;’:;,?e:;:a:;=:_'-7-“==5-"-,-‘--:'--=-'“-m3-s." h molecular weight of
20.7 kDa was isolatedIU) ofc emctively infected mouse
serum. This gene was cog-ﬁ‘rg\ed to be exqgssed only in vivo by northern blot

ons o o A QYR T INESAR Fotcer oo

(IVIAT), use a po%qed absorbed semim from patient preabasorped with in vitro
grown pﬂoﬂnﬁiﬂi%@%ig&% alg n&l);}ﬁn&l target is
elimination gf in vitro induced antibodies from the pooled serum. The pooled
absorbed serum is expected to contained only antibodies specific to protein in
vivo induced. The ivi genes identified by this strategy would encode only in vivo
induced antigen. Currently, the IVIAT approach is being tested in some
bacterial pathogens such as Actinobacillus actinomycetemcomitans,

Pseudomonas aeruginosa and Candida albican infections'®" IVIAT has also
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been applied in M.tuberculosis™ IVAT is expected to provide a valuable new

tool to address pathogenic mechanisms of a large number of human

pathogens.
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