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Monoclonal antibodies show Listeria monocytogenes
in necropsy tissue samples
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SUMMARY Stable mouse monoclonal hybridoma cell lines secreting antibodies against Listeria
monocytogenes were produced. Antibodies from two of these cell lines (designated CL2 and CL17)
have been partially characterised. The specificities of these antibodies were assessed using indirect
immunofluorescence antibody tests and L monocytogenes (166 strains) grown in vitro, other species of
Listeria (21 strains), and bacteria from 14 other genera (87 strains). The antibodies were found to be
specific for Listeria, and when used in combination, reacted with almost all strains of L
monocytogenes. A simple and rapid direct immunofluorescence technique was developed, and the
presence ofL monocytogenes was shown in necropsy tissue from three patients where listeriosis had
been confirmed by isolation of the bacterium. Bacteria were also confirmed using one of these
antibodies in necropsy tissue from one further patient in whom listeriosis was suspected, but not
confirmed by the cultivation ofL monocytogenes.

Listeria monocytogenes is a Gram positive bacillus,
which was first described in England as causing
infection in laboratory animals.' The disease caused by
this bacterium (listeriosis) is now known to affect a
wide range of animals including man,2 in whom
listeriosis has become increasingly recognised as an
important cause of sepsis during the perinatal period,
and also of opportunistic infections (particularly of
the central nervous system) in adults and juveniles.3
Over the past decade there has been an apparent

increase in the incidence oflisteriosis in Britain in both
man,45 and domestic animals67; the reasons for this
increase are not known. The epidemiology of human
listeriosis has remained obscure, although outbreaks
in North America have highlighted the possibility of
food borne infection."'0 The growth characteristics
and distribution of this bacterium make it an ideal
candidate for transmission through food, especially as
a contaminant of refrigerated food. It is not known to
what extent food borne listeriosis takes place.
Although the genus Listeria was originally con-

sidered to contain one species (L monocytogenes),
seven additional species are now also recognised."' 2
These are: L innocua, L welshimeri, L seeligeri, L
ivanovii, L grayi, L murrayi and L denitrificans.
Bacteria of this genus are ubiquitously distributed in
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the environment, and commonly found in the gut and
genital tract of healthy people.'3 L monocytogenes is
the major pathogen in both animals and man.5'4 In
man, however, occasional infections due to L ivanovii
and L seeligeri occur.'"'6
A serotyping scheme has been described by Donker-

Voet and Seeliger'7 based on agglutination reactions of
Listeria with highly absorbed rabbit antisera. This
system permits the recognition of a number of somatic
and flagellar antigens, and hence the subdivision of L
monocytogenes into 13 serovars. These are: 1/2a, 1/2b,
1/2c, 3a, 3b, 3c, 4a, 4ab, 4b, 4c, 4d, 4e, and 7.18 Surveys
on the continent ofEurope by these and other workers
showed that a large proportion of strains of L
monocytogenes from both human and animal infec-
tions belong to one of a small number of serovars.
Strains of L monocytogenes isolated from humans in
Britain are similar in this respect as, in a survey ofover
700 cases,5 91% of all isolates comprised only three
serovars (59% were serovar4b, 18% serovar 1/2a, and
14% serovar 1/2b).
We previously reported the production of 15 cell

lines secreting monoclonal antibodies against L
monocytogenes serogroup 4.'9 We describe here a
further monoclonal antibody which reacts with L
monocytogenes serogroups 1/2 and 3, and assess the
specificity of this and one of the previously reported
antibodies. We also showed the presence of L mono-
cytogenes in necropsy tissue using these antibodies.
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Material and methods
STRAINS OF BACTERIA
Cultures of L monocytogenes isolated from patients
were identified using the criteria of Rocourt et al,22 as
previously described,23 and were serotyped as des-
cribed by Seeliger and Hohne.'8

Strains of Listeria were obtained from the National
Collection of Type Cultures, Colindale (NCTC), The
Institut Pasteur, Paris, France (CIP), and the Special
Listeria Culture Collection, University of Wurzburg,
Federal Republic of Germany (SLCC). Serological
reference strains for the 13 serovars of L mono-
cytogenes tested were: serovar 1/2a NCTC 7973, 1/2b
NCTC 10887, 1/2c NCTC 5348, 3a NCTC 5105, 3b
SLCC 2540, 3c SLCC 2479, 4a NCTC 5214, 4ab
NCTC 10528, 4b NCTC 4885, 4c NCTC 4883, 4d
NCTC 10888, 4e SLCC 2378 and 7 NCTC 10890. The
type strains of each of the remaining seven species of
Listeria tested were: L innocua NCTC 11288, L
welshimeri CIP 8149, L seeligeri CIP 100100, L
ivanovii CIP 78.42, L grayi NCTC 10815, L murrayi
NCTC 10912, and L denitrificans NCTC 10816. The
following wild type strains were obtained from the
SLCC: L monocytogenes serovar 1/2a (10 strains), L
monocytogenes serovar 4b (10 strains), L innocua
serovar 6a (four strains), L innocua serovar 6b (five
strains), L ivanovii (five strains). In addition, the
following wild-type strains from the DMRQC collec-
tion of L monocytogenes (which had been isolated in
Britain as they caused disease in humans) were tested:
34 strains of serovar 1 /2a, eight of serovar 1/2b, seven
of serovar 1/2c, nine of serogroup 3, 66 of serovar 4b,
and 19 strains of serogroup 4 but not 4b. Strains of
bacteria from other genera were obtained from
various culture collections (table 1).

PRODUCTION OF MONOCLONAL ANTIBODIES
Balb/c mice were immunised with three wild-type
strains of L monocytogenes which had been isolated
from patients with listeriosis in Britain. Spleen cells
from hyperimmune mice were fused with plasma-
cytoma cells, as described previously,20 and screened
for antibody production using fluorescein isothiocya-
nate (FITC) conjugated goat anti-mouse antibodies
(Tago) in an indirect immunofluorescence test. Cell
lines were cloned twice by a limiting dilution tech-
nique. For the production of antibody, the hybridoma
cell lines were reintroduced into the peritoneal cavity
of mice to form an ascitic tumour, and antibody rich
ascitic fluid was collected.

Seventeen stable cell lines were generated which
produced anti-Listeria antibodies. Antibodies from
two of these cell lines (designated CL2 and CL 17) were
selected for this study. The antibody producing
hybridomas resulted from fusions between mouse
spleen cells and the plasmocytoma cell line JKAg8653
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for CL2, and NSO for CL17. The monoclonal
antibody secreting hybridoma CL2 was produced
from a mouse inoculated with a serogroup 4 strain ofL
monocytogenes, and CL17 after inoculation with a
serogroup 1/2 strain. Both the antibodies are of the
IgM isotype, and direct FITC-antibody conjugates
have been prepared using previously described meth-
ods.21 Optimal results were obtained when FITC was
coupled to purified antibody in the molar ratios
(FITC:antibody) of 1:40 for CL2, and 1:20 for CL17.

CONDITIONS FOR BACTERIOLOGICAL GROWTH
Strains of Listeria were grown in vitro at 37°C on:
Tryptose agar plus 1% (w:v) glucose (Difco
Laboratories, Detroit Michigan, USA), 5% horse
blood agar (Nutrient Agar base No 2, Oxoid Limited,
Basingstoke, England), and in brain heart infusion
broth (Difco Laboratories) and in nutrient broth
(Oxoid Limited). Strains ofbacteria from other genera
were grown on blood agar (as above) and cultivated as
listed in table 1.

All strains of bacteria were grown in vitro as
appropriate, and killed with 1% (v:v) formalin in
phosphate buffered saline (PBS, Oxoid Limited).

SPECIFICITIES OF THE ANTIBODIES
The formalised suspensions of bacteria were diluted to
about 5 x 107 bacterial cell/ml, and 0-02% (v:v)
normal formolised yolk sac (prepared in DMRQC)
added. Using this bacterial suspension, about 200
bacteria per high power field were observed using the
method described below.
The bacterial suspension was spotted (5 pl volumes)

on to 3 mm diameter wells on microscope slides coated
with PTFE (Hendley, Essex), air dried, and fixed by
total immersion in acetone for 10 minutes. Dilutions
of whole ascitic fluid (between the end point and at 10
times stronger than this) from CL2 and CL17 were
added to appropriate wells in 10 pIl volumes, and these
were incubated in a damp box for 30 minutes at 37°C.
The slides were washed in PBS for 10 minutes (with
two changes) and air dried. Ten pl of the anti-mouse
FITC conjugate was added (diluted to optimum in
PBS), and the slides were incubated and washed as
before.

After drying the slides were examined by epi-
illumination using a Zeiss microscope equipped with
x 1O eyepieces, x 63 water immersion objective, HB
050 mercury vapour lamp, and interference filters
(excitation KP 490 and LP 455 nm, 510 nm dichroic
mirror, and barrier filters BP 520-560 nm and BP 590
nm).

EXAMINATION OF NECROPSY TISSUE
Impression smears were prepared on glass microscope
slides from necropsy tissue, air dried, and fixed in
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Monocytogenes in necropsy tissue

Table 1 Species and strains ofbacteria, and culture
methods used to assess specificities oftwo anti-Listeria
monoclonal antibodies

Number ofstrains/species/method ofcultivation/strain
designation

14 Staphylococcus aureus' (NCTC8530,NCTC8531,
NCTC 8532, NCTC 6131, NCTC 6133, NCTC 6134,
NCTC 6135, NCTC 6136, NCTC 6137, NCTC 8722,
NCTC 8723, NCTC 8724, NCTC 8725, NCTC 8726)

7 Erysipelothrix rhusiopathiae' (NCTC 8163, NCTC 807,
NCTC 11002, NCTC 11003, NCTC 11004, NCTC
11005, NCTC 11006)

1 Corynebacterium ulcerans' (NCTC 7910)
1 Corynebacterium pyogenes' (NCTC 5224)
1 Corynebacterium haemolyticum2 (NCTC 9697)
1 Corynebacterium pseudotuberculosis' (NCTC 3450)
1 Corynebacteriumpseudodiphtheriticum' (NCTC 1136)
1 Corynebacterium aquaticum' (NCTC A53/80)
1 Bifdobacterium bifidum3 (NCTC 10471)
I Cellulomonas biazotea (NCTC 10823)
1 Cellulomonasfime (NCTC 7547)
1 Brevibacterium sp2 (NCTC 11083)
1 Brevibacterium ammoniagenes' (NCTC A26/74)
1 Arthrobacter globiformis' (NCTC A56/80)
1 Kurthia zopfii3 (NCTC 10597)
1 Lactobacillus casei3 (NCTC 10302)
2 Lactobacillus odontolyticus3 (NCTC 1406, NCTC 1407)
1 Brochothrix thermosphacta2 (NCTC 10822)
1 Clostridium absonum3 (NCTC 10984)
I Clostridium aerofoloetidum3 (NCTC 505)
1 Clostridium bifermentans3 (NCTC 506)
1 Clostridium butyricum3 (NCTC 7423)
1 Clostridium carnis3 (NCTC 10913)
1 Clostridium celatum3 (NCTC 10947)
1 Clostridium chauvoei3 (NCTC 8070)
1 Clostridium difficile3 (NCTC 11209)
1 Clostridiumfallax3 (NCTC 8380)
1 Clostridium histolyticum3 (NCTC 503)
1 Clostridium scatologenes3 (NCTC 9800)
1 Clostridium septicum3 (NCTC 547)
1 Clostridium tertium3 (NCTC 541)
I Clostridium tetanomorphum3 (NCTC 2909)
1 Clostridium novyi3 (NCTC 538)
2 Bacillus megaterium' (FH 918/82, FH 923/82)
2 Bacillus licheniformis' (FH 931/82, FH 957/82)
2 Bacillus sphaericus' (FH 901/82, FH 1364/82)
1 Bacillus marcerans' (FH 902/82)
1 Bacillus polymyxa' (FH 1335/82)
2 Bacillus subtilis' (FH 956/82, FH 961/82)
2 Bacillus pumilus' (FH 970/82, FH 1023/82)
2 Bacillus cereus' (FH 903/82, FH 1081/82)
1 Bacillus circulans' (FH 921/82)
5 Streptococcus Lancefield group B' (NCTC 8181,

NCTC 11248, NCTC 11078, NCTC 11079, NCTC
11080)

9 Streptococcus Lancefield group D' (NCTC 8727,
NCTC 8729, NCTC 8730, NCTC 8731, NCTC 8732,
NCTC 8734, NCTC 8735, NCTC 8744, NCTC 7171)

5 Escherichia coli type Kl' (NCTC 9001, NCTC 9002,
NCTC 9006, NCTC 9007, NCTC I I 101)

985
acetone for 10 minutes. Direct FITC conjugates of
CL2 and CL17 were diluted to their optimal working
strength in PBS, and 200 pl added to an area of the
slide containing the fixed tissue (about 2 cm2). The
slides were incubated for 30 minutes at 37°C, washed
in PBS twice over 10 minutes, and examined by
epifluorescence microscopy as before.

SPECIMENS AND CASE HISTORIES OF THE
PATIENTS
Formalin fixed necropsy tissue was obtained from four
patients:

Case I
A 22 year old woman, 12 weeks pregnant, was
admitted to hospital after complaining of headache,
photophobia, loose stools and dry cough during the
preceding 14 days, and of fever and rigors for two
days. On examination no central nervous system
abnormalities were detected, except for minimal neck
stiffness. A thick brownish discharge was seen in the
cervical canal. A provisional diagnosis of viral menin-
gitis with threatened abortion was made.24
While in hospital, a fresh fetus was aborted which

had a crown-rump length of 5-6 cm, and had septic
lesions over the thoracic wall. Multiple abscesses were
seen on the surface of the placenta.
L monocytogenes serovar 1/2b was isolated from

maternal blood cultures, amniotic fluid, chorioallan-
toic membrane, and from the thoracic wall ofthe fetus.
In addition, Gram positive bacilli were seen in impres-
sion smears taken from the placenta and the liver and
kidney of the fetus.

Case 2
A 60 year old man who had received aortic and mitral
valve replacements 15 years previously died after a
four day illness with fever. Post mortem examination
showed "ring abscesses" in the tissue surrounding the
mitral and aortic prosthetic valves. L monocytogenes
serovar 4b was isolated from blood cultures and from
tissue in the region of the aortic and mitral valve rings.

Case 3
A previously healthy 85 year old man was admitted to
hospital with a clinical diagnosis of "encephalitis"
complicated by pneumonia. Despite aggressive
antimicrobial treatment with cefotaxime and Acy-

1 = Grown aerobically at 37°C, 2 = Grown aerobically at
300C.
3 = Grown anaerobically at 37°C.
NCTC = National Collection of Type Cultures, Colindale,
FH = Food Hygiene Laboratory, Colindale.
Sources and strain designations are shown in parentheses
after the name of the bacterium. All strains were grown on
blood agar, and harvested after 18 hours' incubation.
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clovir he died 72 hours after admission. Gram positive
rods were seen in a necrotic area of the brainstem, and
L monocytogenes serovar 1/2a was cultured from the
brain-stem tissue and meningeal swabs.

Case 4
A previously healthy 50 year old woman was admitted
to hospital with a 10 day history of headache and
dizziness of gradual onset, accompanied by nausea
and vomiting, and later dysarthria and transient
diplopia. On examination, she was toxic and feverish
(38-5°C) and had nystagmus and incoordination of
movement, but no papilloedema.
A computed tomography scan showed a relatively

low density area in the mid-brain, but cerebrospinal
fluid showed normal cell and glucose content and no
bacteria were isolated on culture. A further sample of
CSF examined 48 hours later showed 24 lymphocytes/
mm,3 but was otherwise normal. Blood cultures were
not obtained.
A diagnosis of herpes simplex encephalitis was

considered a strong possibility and she was treated
with Acyclovir and dexamethasone. Despite an initial
improvement she developed a complete upper brain
stem palsy and a further computed tomography scan
showed an extension of the abnormality in the upper
brain stem to the cerebellum, the appearance suggest-
ing an infarct. She died five days later of respiratory
failure.
As the brain was fixed at necropsy culture was not

possible. Following fixation the mid-brain and upper
pons were found to be totally destroyed by a subacute
inflammatory process with necrotic areas in which
numerous Gram positive coccobacilli were present.
Abscesses were also present in the thalamus and the
cerebellum but there was no evidence of meningitis.

Results

SPECIFICITY OF THE ANTIBODIES
The reaction of the antibodies with strains of Listeria
and other species of bacteria is shown in table 2.
The strains of Listeria were initially tested when

grown on Difco Tryptose Agar. The monoclonal
antibody CL17 reacted with 61 of the 64 (95%) L
monocytogenes serogroup 1/2 and serogroup 3 strains
tested, but did not react with strains of L mono-
cytogenes serogroups 4 or 7, or with strains from the
remaining species of Listeria (with the exception ofthe
type strain of L seeligeri, which is serovar 1/2b). The
antibody CL2 reacted with all 77 of the L mono-
cytogenes serovar 4b strains, just over half (13/24) of
other L monocytogenes serogroup 4 strains, and with
all five of the L innocua serovar 6a strains tested. This
antibody did not react with the L monocytogenes
serogroup 1/2 or serogroup 3 strains, or any of the
other remaining species of Listeria. Strains of L

McLauchlin, Black, Green, Nash, Taylor
Table 2 Results ofspecificity testing oftwo anti-Listeria
monoclonal antibodies against 187 strains ofListeria, and 87
strains ofbacteriafrom 14 other genera

No ofstrains ofbacteria
which reacted with the
antibody/total number of
strains

Anti-Listeria monoclonal
antibody

Strains ofbacteria CL2 CL17

L monocytogenes serogroup 1/2 0/14 50/52
L monocytogenes serogroup 3 0/12 11/12
L monocytogenes serovar 4b 77/77 0/12
L monocytogenes serogroup 4 not 4b 13/24 0/ 6
L monocytogenes serovar 7 0/ 1 0/ 1
Linnocuaserovar6a 5/ 5 0/ 5
L innocua serovar 6b 0/ 5 0/ 5
L welshimeri 0/ 1 0/ 1
Lseeligeri 0/ 1 1/ 1
L ivanovii 0/ 6 0/ 6
L murrayi 0/ 1 0/ 1
L grayi 0/ 1 0/ 1
L denitrificans 0/ 1 0/ 1

Other species of bacteria 0/87 0/87

monocytogenes serogroup 1/2, 3 and 4 were further
tested when grown using blood agar, brain heart
infusion broth, and nutrient broth. No differences in
the specificities of the antibodies were detected using
the growth obtained from these four different media.
No strong cross reactions with other species of

bacteria were observed. Some of the strains of Sta-
phylococcus aureus (known to contain Fc receptors on
the cell surface), however, did react non-specifically
with the dilutions of ascitic fluid and also with the
FITC conjugated anti-mouse antibody. These reac-
tions were not observed when the bacteria were
pretreated with normal rabbit sera or when the FITC
conjugated anti-Listeria monoclonal antibodies were
used. This suggests that these reactions were of a non-
immune nature.

REACTIVITY OF THE MONOCLONAL ANTIBODIES
WITH NECROPSY SPECIMENS
Results ofimmunofluorescence microscopy are shown
in table 3. Bacteria were observed in material from
cases 1, 2, and 3, which had reacted with the mono-
clonal antibody ofthe specificity corresponding to that
of the serogroup of the isolate of L monocytogenes
from each of the patients. Extremely large numbers of
bacteria were seen in the impression smears taken
from cases I and 2.

Bacilli reacting with CL2 (and hence presumably L
monocytogenes serogroup 4) were seen in the material
from case 4.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.41.9.983 on 1 S

eptem
ber 1988. D

ow
nloaded from

 

http://jcp.bmj.com/


Monocytogenes in necropsy tissue 987

Table 3 Results ofdirect immunofluorescence tests using
FITC conjugates ofanti-Listeria monoclonal antibodies
tested against necropsy tissue

Nos offluorescing bacilli

CL17-FITC CL2-FITC
Tissue sampled (Anti-serogroup 1/2) (Anti-serogroup 4)

Case 1:
Placenta + +
Foetus (abdominal

cavity) + +
Case 2:

Aortic valve - + +
Mitral valve - + +

Case 3:
Temporal lobe

(surface)
Brainstem/cerebellum

(surface) + *
Brainstem/cerebellum

(necrotic area) + +
Cortex (surface)

Case 4:
Brainstem (necrotic

area) - ++

*Scanty numbers of bacilli only seen.

Discussion

Antigenic cross reactions between L monocytogenes
and species of Staphylococcus, Erysipelothrix,
Bacillus, Streptococcus, Corynebacterium, Lacto-
bacillus and Escherichia coli have been reported.'7236
The monoclonal antibodies described here were
shown to be specific for certain serovars of Listeria,
but the possibility ofcross reactions can not entirely be
excluded as only a limited number of heterologous
strains have been tested here, and these were cultured
using a single set of growth conditions. It should be
borne in mind that the cell surface (and presumably its
antigenic nature) of bacteria may change depending
on the culture conditions.37 The antigens detected on
the cell surface ofL monocytogenes by the monoclonal
antibodies, however, were present when the bacteria
were grown under a number of different conditions. In
addition, the observation presented here showing that
these antigens are expressed in vivo confirms that these
are relatively stable characteristics.

Several workers have reported the use of FITC
conjugated antibodies3` and bacteriophages4' for the
identification of L monocytogenes in clinical and
environmental material. The monoclonal antibodies
described here have the advantages over convention-
ally produced antisera of better reagent
reproducibility and ease of production.
When tested against strains ofL monocytogenes, the

monoclonal antibodies were broadly serogroup
specific, but neither reacted in a manner identical with
that of the factor sera described in the Donker-Voet/
Seeliger antigenic scheme.'8 This suggests that the
antigens reacting with the monoclonals are related to,

but may not necessarily be identical with, those
recognised in this scheme.
The incidence with which each serogroup of L

monocytogenes causes infection in man in Britain has
been reported.5 Using this information, together with
the results in table 2, it can be estimated that when
present in clinical specimens, strains of L mono-
cytogenes in over 95% of all patients with listeriosis
will be detected using these two monoclonal
antibodies. This estimate assumes that the specificities
of these antibodies are similar with respect to bacteria
grown in vitro and in vivo. Our results indicate this to
be the case, although only a very limited number of
necropsy specimens have so far been examined.

Several authors24243 have reported the presence of
Gram positive coccobacilli and bacilli in the body
fluids (especially CSF) of patients with listeriosis,
which were either not cultured, or if so, only with
difficulty. Problems in culturing bacteria after patients
have started to receive antimicrobial chemotherapy
are well recognised. Infections of the central nervous
system by L monocytogenes are not always menin-
gitic,"45 examination of the CSF may not show any
abnormalities,4647 and even if L monocytogenes is
grown from the CSF it may be misidentified' and
dismissed as a contaminant. Early diagnosis and
treatment of perinatal listeriosis may modify the poor
prognosis of this infection,9 49 SO and it has been sugges-
ted that the examination of placental, cord and
amniotic cells for Gram positive bacilli may aid
diagnosis.5'` In addition, listeriosis may be diagnosed
only following necropsy.52

We acknowledge the assistance of Dr D Samuel and
Mr A Grant of DMRQC, Central Public Health
Laboratory, Colindale, for help in this study. We also
thank Dr I Wilson at Ashford Hospital, and Mr JB
Miles at Walton Hospital for the permission to report
on two of the cases described in this paper.
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