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ABSTRACT

The recent ix{crc_a.\.ic in the incidence of the facultative bacterjum
animals, makes it of significant public health importance . A total of 26

3 from 20 controls) were obtained from pregnant or non-
serotyping - Only 2 L. monocytogenes serovars (1/2 a and 4b)

Listeria monocytogenes severe infections of human and
isolates of L. monocytogenes (23 from 23 patient group and

pregnant women with spontaneous abortion and were submitted to
are isolated in 90% of cases of human listeriosis . Of pregnant women

sera , 56% were L. monocytogenes O and H éggl}ltinating antibodies - positive while 100% and 78% of the cerebrospinal fluid
(CSF) were L. monocytogenes Oand H figglutmalmg antibodies positive, respectively . In the post-abortive subgroup , 100% and
90% were sero - and CSF -O and H agglutinins - positive respectively.

~ The det.ection of anti-fisteriolysin O ( Anti-LLO) antibodies were done by Indirect Haemagglutination Reaction (IHR) with
purified LLO in sera and CSF supernatant of 23 married women with frequent abortion due to L. monocyfogenes infection and 20
controls to diagnose human listeriosis . The 23 patients (100%) with listeriosis and 3 (15%) of controls (non healthy subgroup),

produced specific Anti-LLO titres ranged from < 100 to > 800.

INTRODUCTION

Listeria monocytogenes 1is a facultative, non
sporulating, Gram positive intracellular bacterium
widespread in naturc and responsible for human and
animal listeriosis @ L. monocytogenes causes a wide
range of severe opportunistic infectious diseases in man;
ie. abortions, meningocncephalitis, septicaemia,
pueumonia, endocarditis, localized abscesses, cutaneous
lesions, conjunctivitis, urcthritis, an infectious
mononucleosis - like  syndrome, hepatitis and
arthritis @) | Pregnant women, newborn babies , people
over 40 years old and immunocompromised patients
arc at the greatest risk of getting listeriosis 56\
.Listen’osis is the most commonly an intraulerine
infection [requently as meningitis .

A pregnant women who develops listeriosis may
have a low grade septicaemia. Trans-placental inf ection
Of. the fetus may result in premature delivery of a
Stillbom  or acutely ill infant with disseminated
bscesses in the viscera (granulomatosis infantiscptica)
and in the placenta 3.57,8),

According to previous studies -1, the virulence
:tf f Monocytogenes depends on its ability to synthesize
h o Wo proteins: a hemolytic listeriolysin and a
P m?haudylinosml - specific phospholipase-C. It seems
"irul:n » morcover, that listeriolysin is an intrinsic
L ice factor that enables L. monocytogenes to €5¢ape
Conse the phagocytic vacule of host celllg and
that ll?.iuc'nﬂy to grow intracytoplasmically az, ) and
Cauge izfls an absolute requirement for the organism to
mo, ection. Listeriosis also seems to be needed by
. 'OCylogenes 1o infect neighbouring host cells at

) 0; Plasma membrane contact.

Virtualty g pathogenic strains of listeria isolated
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from natural infections produce zones of B- hemolysis
on blood agar medium (1416} owing to production and
release of one major listeriolysin from cells.
Listeriolysin was successfully isolated from culture
supernatents of certain strains of L. monocytogenes and
shown to be a sulfhydryl- activated toxin sharing
propertics to other proteins (e.g., pneumolysin
streptolysin O and perfringolysin) (1:17-20),

Fortunately the erythrocyte hemolytic activity of
the purified Listeriolysin-O (LLO) had the lowest
optimum pH (5.5) as compared to those of pneumolysin
(pH 6.0), perfringolysin O and alveolysin (pH 6.5) and
streptolysin-Q ( SLO) (pH 7.0) , hemolysins belong to
Streptococcus pneumoniae, Clostridium perferingens,
Baciilus alvei and hemolytic streptococci, respectively.
In contrast to the other four hemolysins, the listerial
hemolysin exhibited a narrow pH range of activity and
hemolysis was not observed at pH 7.0 whereas 1thc
other toxins were mostly active at pH 26.50 t07.0 (O,

The hemolysin (LLO) was apparently a heat -
labile antigenic protein and its blytic activ:tszd“gi
by reducing agents bul suppre
Zill'l::t‘iti cl):olesterol %r to anti-SLO (1721 g Rabbit
antisera distinguishes 2 types of the hemolysin : o-
listeriolysin and f-listeriolysin @) Recenty, 2 mumber
of rapid methods based on immunological or nu.clc'lc
acid based procedures have been dcv;lzt)?:)d that aid in
the rapid detection of the qrgamsm( . However,
many of these lack sensitivity or s;_>cmﬁcxty and no
method allows for specific ‘detccnon of both L.
monocyrtogenes and other species .

This study was done to investigate whether
detection of the specific anti-LLO , could be used for
jmmunodiagnosis of human listeriosis or not . To date,
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the functions of listeria virulence 1:\cmmr ll;-l.\ Ln::':l:l
been demonstrated in vitro The plqum'c _o l: i}q o
study was to examine and hcm:hl.m dmgn(.).‘ l.).w ;
vimlence factors function in vivo ‘m \ ; " (;1:
monocytogenes 1o cstablish in[ccl.mn. in the ‘ u.: )
efficient :'miy host defenses . This study pn,:u:;i s‘c(
novel approach  method  of LILO m r;‘ur
hemagglutination reaction (L1 ,O:ll IR)
immunodiagnosis of listeriosis in body {luids.

PATIENTS AND METHODS
Patients :

A group of 23 marmied - female - patients \f'ilh
frequent abortion due to severe listeriosis \vcrc‘stuqlcc'l.
These patients were previously diagnosed as l{slcnosns
depending on clinical and laboratory investigations :u?d
were under care in fevers Discases Hospital, Zagazig
and Alexandria , Egypt, during 1997-1998 . This was
divided into 2 subgroups: 9 pregnant women with
bacteracmia and 14 post abortive non pregnants, both
aged from 33 to 40 years. The diagnosis of listeriosis
(septicaemia  and / or meningoencephalitis) was
confirmed by isolation of L. monocytogenes {rom blood
and cerebrospinal or placental fluids (CSF) . Bacterial
cultivations (Blood or CSF samples) were grown or
Brain Heart Infusion agar with 5% horse blood (blood
agar) with / without nalidixic acid (1jg/ml).

Listeria monocytogenes :

Identification was established by conventional
methods based on the usual criteria @829 | In addition
API (RAPID) Coryne - System (API bio-Mericux, La
Balme - Les- grottes , France) was also used (30-33).
Serotyping study was performed with the isolated L.
monocytogenes and based on the agglutination reactions
of listeria with highly absorbed rabbit antisera (Behring
» Germany) to identify O ( 14 carbohydrate - containi
heat stable) and H (5 heat - 1
according to serotyping sch
Hohne ®%) and Gellin and his

ny
abile flagellar) amigcn:
eme of Seeliger and
associates 39

Two control £roups were asse
married women without any complains and 10 married
female patients with varous active infections due o
Streptococcus pneumonige Strephylococcus aureus

Pseudomonas aeruginosa Escherichia colj -
abortus or Candida albicans .

Methods ;

ssed : 10 healthy

Brucella

Listeria agglutinating antibodies ;

Bacterial O and i sus
4b, commercially pure
Federal Republic of G
by the manufacture
agglutinating an(j
and H antigens

pensions (serovars 1/2 ;

hased from Behring ey
¢rmany) w
I to det
bodies againg
- Doubling i

» Marburg,
€re used as described
el serum and SR
tL monocytogenes
lutions of sera or CSE

supernatant in phasphate .h.uffcrcd saline (PRg
were incubated after addition of the antigen g
for 18h at 37°C. The titer was the ki
showing a visible agglutination.

)Pl 7,
Bhest gy,

Partial purification of a-listerioly

Sin 1
bacterial culture supernatants: Tom

Partial listeriolysin purification followeg t
method of Bhakdi et al. @6) | monocytogenes "
cultured for 18 to 24 h at 37°C in 2 liters of Brain Hear
infusion broth supplemented with 0.5% glucose, Cells
were then removed by centrifugation ang
supernatant was concentrated at 4°C | The listeriolysiy
was  precipitated by the addition of 53 g solid
ammonium sulfate / 100 ml with stirring for 30 in,
4°C. The ammonium sulfate precipitate was collected by
centrifugation, dissolved in approximately 10m} of pgg
and dialyzed overnight against Veronal-buffered saline
(pH 7.0 /4°C). Thereafter, listeriolysin was precipitated
with 20% polyethylene glycol, the precipitate was
dissolved in the Veronal- buffered saline and the
material was  applied to a diethylaminoethyl ether
(DEAE) - sephacel column in the same buffer, The
protein passing the column was pooled and directly
utilized as the native toxin source Hemolytic titers of
the partially purificd toxin preparations were in the
range of 2 x103 - 4 x 103 U/ml.

Listeriolysin O assay :

LLO assay is based on the estimation of the
hemolytic activity of the toxin activated with 20 mM
cysteine towards human erythrocytes 47, Measuremen}
was made of the optical absorbance at 451 m“ﬁ’s’
hacmoglobin released from erythrocytes ( 6 % ;osb;;nc
ml) incubated in PBS (pH 6.0) containing 0.1% %
albumin (Sigma) . One hemolytic unit (HU) ;]obiﬂ
amount of toxin needed to release half the l}aems(t)imﬂ
(50 % 1lysis ) of the erythrocytes . It lsp:us foxif
graphically by plotting lysis percent Ve
volume on a long- probit graph.

The detection of specific anti-LLO in
samples :

- O: .
Adsorption of Anti - SL e

and LLO
SLO and i 110 ;q;;fu

Jinical

Because 4
related (1, the detection of spcmﬁc whic
previous adsorption of Anti-SLO uids 0
present at low titre in human body BE wed 12

. ditv Jat
human 0.5 ml sample (serum Of (;S()on’ 1%) and f‘g:ﬂ.ﬁ,
PBS (pH 7.2) containing twet‘ﬂﬁ] i P
(5%), was , then incubated fo;mrs.

SLO - adsorbed nitrocellulose 11 Lot ;

The partial P“ﬁﬁcd-u‘c')cs i 0
titration of anti-1.LO- anti glutina“o
{presumptive indirect haemREET



1. Pharm. Sci.. December 1998

- vﬂlig

pricfly « LLO was incubated for l,S min . at 37°C with
, m}inn dilutions of body fluid sample (two-fold
m{sl dilutions of samples were made in PBS containing
:::“ cysteine , pH 5.8). 1710 volume of a 10% solution
of rabbit red blood cells was added and incubated for 45
o at 37C. The titre was the highest dilution

in:hibiting hemolysis (IU/ml).

RESULTS
{solation and identification of Listeria :

Organisms which are Gram - positive and
catalase - positive, which hydrolyze aesculin and exhibit
* wmbling" motility  at 20°C and 37°C, can be
presumptively identified as Listeria  spp.
Characterization to species level is based on hemolytic
activity on blood agar, the CAMP test (synergistic
hemolysis with S. aureus but not with Rhodococcus
equi ) and the fermentation of carbohydrates ( acid from
glucose, D-salicin L-rhamnosc or o - mecthyl
D-mannoside but no acid from D-xylose or D-mannitol).
L. monocytogenes 1is also V. P. - positive but urease and
oxidase non producers. AP] - Coryne System @® was
used to  confirm the results of the conventional
techniques for identification.

The obtained isolates of L. monocytogenes are
shown in table (1) . The patterns of incidence of L.
monocylogenes in patient groups (100%) was the same
in both sera and CSF , meanwhile only 15% of the
controls (30% of the non- healthy controls who had
‘:an'ous foci of infection other than listeria ) had also
listerial infection.

~ Twenty six isolates of L. monocytogenes were
°b‘§med from both patient and control groups. These
strains were subjected to be serotyped by a previously
"poried method ©5) | Based on the agglutination
"eactions of Jisteria with highly absorbed rabbit antisera ,
“ mumber of O and I antigens were identified and

¥ ,
able (:Incidence of Listeria monocytogenes
In the studied cases.

M_ .
Group subgroup Isolated L, monocytogenes from
Sera CSF
~ T+ % Tod o+ B
Patiegg
gy 90 99 100 90 90 100
o —— 4 14 q00 14 14 100
Mg mbedthy| 10 g9 g9 45 00 0
bty | 10039 3 60 00 00
o T
{ \ B % g5 3 2B
" ’ e 4]
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Table (2) : Relative occurrence of serovars of

L. monocytogenes in the 26
1solates.
( Serovar Number % )
1/2a 5.0 20
12b 2.0 8.0
172 ¢ 1.0 2.0
70
o 4b 18 _J

subdivided the isolated L. monocytogenes into many
serovars. Table (2) shows only : 4 serotypes : 1/2a , 1/2
b, 1/2 ¢ and 4b could be obtained. Only two serotypes:
1/2 a and 4b are isolated in 90% of cases of human liste-
riosis.

Listeria O and H antibodies were detected in
about 56% of pregnant women - sera with listeriosis
while 100% and 78% respectively in CSF. The case is
worse in cases of post abortive women with listeriosis
where O antibodies were detected in 100% of both sera
and CSF while 86% in serum and 93% in CSF for H
antibodies. O and H - listeria antibodies were detected in
only 30 and 20% , respectively of sera of the healthy
married women control subgroup, mecanwhile nonc
could be detected in CSF . The other control subgroup
of non- healthy married women recorded 50% and 20%
of sera containing O and H antibodies, respectively,
whereas only 33% of CSF containing O antibodics
(Tables 3 and 4) .

By contrast , anti- LLO was detected in 100% of
sera and CSF of patient group with titres ranged from
100 to > 800 . In non - healthy control subgroup , only
30% of sera contained anti- LI1.O with titres not more
than 200 (Table 5) . Anti- LLO could not be detected in
healthy married women control subgroup and also in
CSF of the non healthy control subgroup .

DISCUSSION

Two major types of human listeriosis are
recorded (%), materno factal and adult - juvenile . In
materno faetal listeriosis , a pregnant woman (maternal
bacteraemia) develops a characteristic self-limiting "Flu
- like" illness which may then lead , after a varable
period of time to abortion, delivery of a stillborn child or
the birth - often premature- of a child with nconatal
listeriosis . In adults , listeriosis may present as a
meningitis and sometimes as a septicaemic illness,
Pregnancy, while predisposing to listeriosis , does not
seem to predispose to carriage of the organism (39),
Matemnal listeriosis can be associated with abortion late
in the third trimester of pregnancy, but more commonly,
infection presents as preterm labor®) Healthy pregnant
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Table (31 1 Listena agplutinating antibodies in sera oF Pt

wtients and controls.

;"m'ﬁw Number with listernia anti- O/anti- H titre in scra
(it
e <40 | 40 %) 160 | >320|Total | 240 %
mi’smrma with hstenosis © ,
; / /0 9 5/5 56/56
e pnant 44 Lol |22 |00 |3
;'Z:\’fr:]:gmn’c 0/2 | 3/6 112 | 274 | 8O 14 114/12 | 100/86
' “lm])i:-;.‘]r::};?-u‘d women ; - - . o0 o0 10 3 30/20
Nan healthy 5% {21 {21 | 170 | 0/0 10 | 5/2 | 50/20
N ] J

Table (4) : Listena agglutinating in CSF of patients and tested controls.

4 Orous Number with listeria anti- O/anti- H titre in CSF )
<40 | 40 | 80 | 160 [>320[Total | 340 | %
Pauents with histeniosis ¢
Pregnant 02 | 113 |32 |20 | 312 9 | 97 | 100/78
Post abortuive 0/1 03 {20 | 2/15 |10/5 14 114/13 | 100/93
Controls marned women -
Healthy 4/4 | 0/0 | 0/0 | 0/0 | 0/0 4 0/0 0/0
Non healthy 4/6 1 2/0 | 0/0 | 0/0 | 0/0 6 2/0 33/0
. Y,

Table (5) :

Ant- listeriolysin -O (Anti-LLO) in patience and controls clinical samples

v . . . . - . . \
[ Grow Number with listeria anti- Ofanti- H titre in CSF
Serum CSF

No <10 100 200 400 2800 +% | No <100 100 200 400 >800 +%

Patients with listeriosis -
Pregnant 9 0 0 1 3

ol

o s

a L5

cots L

| 5 010019 0 o0 o 1 8 10
Post abortive B0 0 0 1 13 100{14 0 0 0 0 14 100
Controls mamied women -
Healthy 1010 0o 0o o o o 4 4 0 o o0 0 0
Non healthy 10 7 ) 1 0 0 0o 0
0 30 6 6 0 0 B,

. - H i .s isa
vomen may be carrers of L. monocytogenes and stil] stillborn neonates , it is unclear whether LS€PCC
i‘;‘c_,h"h 1o _}"‘a“h)' infants. The relative risk of significant cause of early loss of the fcws,;”
m;(;mon of stllbinh due 1o £, monocytogenes  is researchers were able to grow L. monocyo8¢ cies
]m:’O“B t}nd there is no concerete evidence that placental and fetal cultures in 1.6 % of pﬂ:ggnﬂ”
mfe::[)s: s (:g, Assoctated with repeated abortions or resulted in  premature  labor and

' ;) ‘ abortion“2). caused by ¥
A51enosis is most f / : isteriosis may be /
e tind trmenger ot requently documented during Although human listeriosis )xhis study * i
pregnancy |, however, cases have an

been confirmed
Eestation 81) A
performed on

as carl?’ as  the second month of
bactenial cultures are not routinely
Pontaneously aborted faetuses and

16 serovars of L. monocytogenes : 2t
others 4347 that only three scroYarsmdy) '
cause most of the cases (98% 10 this §
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Also, Bruce et al. 49 reported that despite the
versity of the 16 scrolypc§ of L. monocytogenes | only
;h:-rc serovars aré responsible 4£0r more than 90% of
voman discase. Gellin et al. @) serotyped 161 1,
_ nocytogenes isolates as 33,31,30, 4, 1 and 0.5% (o
; gb, 12b, 123, 3b, 3a and 1/2c, respectively,
\foreover, Lacey® reported t{mt only three serotypes
;,c isolated in more than 95% of cases of human
fisteriosis and these scrotypes are also the most
commonly isolated from food sources,

The immunc response, cell biology  of
intracellular growth and  bacterial determinants of the
p,u,ogcnici(y of L. monocytogenes still are being
uder evaluation.  One  likely determinamt  of
pathogenicity is the elaboraion of a sulfhydryl-
sctivated hemolysis 9, The observations that all strains
of L. monocytogenes isolated from natural infections
produce a zone of hemolysis on blood agar medium and
that these strains are virulent in the mouse model,
whereas non- hemolytic strains isolated after multiple
subcultures 1 or from the environment are avirulent,
first suggested that a hemolysin ( Listeriolysin O) might
be a relevant virulence factor (%), The L.
monocytogenes  hemolysin (ILLO) is a member of a
family of bacterial pore- forming cytolysins of which
streplolysin O is the prototype 2), Listeriolysin O
ppears 1o be the first key factor for intracellular
gowth identified at the molecular level in L.
monocytogenes (19),

The diagnosis of listeriosis requires the isolation
of the organism but scrological tests have not been
shown to be useful tools , since L. monocytogenes has
several antigens that cross - react with other Gram-
gossiti\'e organisms % and false. positives may ocour
3 '_54). Detection of anti- listeriolysin O in human body
fluids may prove useful both for immunodignosis of the

ase and for epidemiological studies 38). Various
mts have been considered as virulence
de.tc’m_manls in L. monocytogenes such as hemolysis
“eniolysin -0y, catalase, superoxide dimutase and the
i components referred to as monocylosis
g’;‘i“mng activity (MPA), immunosuppressive activity
;- the delayed type hypersensitivity protein (DTH)
Protein P60, Of these | protein P60 ®  and
olysin O o) are now recognized as essential
1 1€ factors Parrisius and his associates @9 found
p'%xi):l)‘c-l onal antibodies raised against the ifolated
olo (hSlcno,lysm -0) reacted not only .wnh the
amjs""ui(:usf anligen but also with SLO an(! vice versa,
Qlectiye ' SLO also reacted with - listeriolysin . The
o and Lrimm conform to the general consensus that

O are closely related (52),

g Thcmr"m, in this study , previous get ride of
Mgy -, V25 done before titration of anti-LLO in body
Ctltiy g CXlracellular hemolysin (L1O) produced b}'
: °f a clinical £, monocytogenes  isolate 1

ﬁ{slc
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purified and used as an antigen in the hacmagglutination
kit. Listeriolysin O (I.1.O) differed remarkably from the
olh.cr. sullhydryl- activated toxins in that its cytolytic
activity towards erythrocytes from various animals was
maximum atlow pH (- 5.5) and was undetectable at
pH 7.0.

The present study attested the previous studies in
that antibodies to LLLO are produced during listeriosis
and that detection of anti-LLO could be used as a
diagnostic tool of this discase. Anti-LLO fitres over 200
IU/ ml were recorded (100%) in the scra and CSF of
23 women patients with frequent abortion due fo
listeriosis. This is an indicator for the sensitivity and
specificity of the indirect haemagglutination reaction
of LLO test.  Several methods in which killed
bacterial suspensions were used as crude antigens have
been proposed to detect specific listeria antibodies,
including agglutination $*58) and complement fixation
tests: % immunoprecipitation ©® and passive
immunohemolysis ©1) | Unfortunately, these methods
are non- specific because of antigenic cross-reactivity
between L. monocytogenes and other Gram positive
bacteria, such as  Streptococci,  Staphylococi,
Enterococci and Bacillus spp. ©2)

Furthermore, such methods lack sensitivity, they
can not be used to effectively diagnose human listeriosis
(56,58). The lack of sensitivity of the agglutination test
was confirmed in this study where only 55% of pregnant
patient sera exhibited anti-O and H titres over 40 and
only 86 % of the post abortive patients exhibited anti-H
titres over 40 . On the other hand, more better results
were obtained by using CSF samples .

The presence of Anti-LLO in non- healthy
control subgroup (30% had titres < 200) might be
attributed to previous subclinical listeria infections and
the frequent carriage of L. monocytogenes in stools of
healthy people supports this view 3. The finding that
most or all paticnts produced specific anti-LLO after
infection with L. monocytogenes has seve.ral
implications. First, that cnough LLO is produced in vivo
during the infectious process to induce a detectable
immune response. Sccond, the unexpected 'czj.rly
appearance of Anti-LLO  suggests that clinical
expression of listeriosis in man appears after an
incubation period , during which the immune system is
triggered in such a high risk group of patients ( frcqu.em
abortion). Finally, the production of _annbodxes :agal.nst
a major virulence factor (LLO) that 18 p.m(.iuce:d in vivo
during the process of intracellular n?uluphcauon seems
to be a good marker of clinical infection.

Human listeriosis was considered of relatively
minor concern but recently , the incidence of individual
cases of listeriosis increased in several countries and
this , together with a series of food - bomne outbreaks,
caused L. monocytogenes 1o become of significant
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public health importance 4364) pamcu]_arly u:sgrﬁcsﬁgm
women and immunocompromized individuals .

Thus , detection of Anti-LLO might be reliable
and useful for cpidemiological surveys — and for
diagnosis of listeriosis , especially when bacteria have
not been isolated. This is very important listeriosis
marker in such high risky populations. The most
common agents of congenital infections are loxoplaFma
, ubella |, cytomegalovirus and Herpes simplex virus,
the so- called TORCH agents 6 ,  This type of
infections may also be caused by other microbes, as
highlightened by this study , such as L. monocytogenes..

In conclusion , the study recommends the use of

Anti-LLO marker as onc of the pregnancy threatening
discases panel (TORCHL).
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