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We have examined the human humoral immune response directed against proteins of Listeria monocytogenes
in both healthy individuals and listeriosis patients. Two major targets for an antibody response were found in
individuals that did not suffer from listeriosis: listeriolysin (Hly) and the recently described internalin-related
protein (IrpA). In contrast, the humoral response in listeriosis patients appears to be more heterogeneous and
included Hly, IrpA, InlB, and ActA as major targets.

The gram-positive bacterium Listeria monocytogenes, which
is frequently found in soil and food, is usually harmless to
healthy individuals. However, in immunocompromised hosts
such as the elderly or in patients undergoing transplantation it
can cause a fatal disease resulting in sepsis, meningitis, or
encephalitis. Infections during pregnancy can lead to abortion
or severe infection of the newborn child (12, 21). An under-
standing of the immune response mounted against this patho-
gen is therefore of utmost interest.

In experimental murine listeriosis the interactions between
the pathogen and the host have been intensively investigated,
and several virulence factors have been characterized function-
ally and as antigens (4, 14, 22). Following uptake, the bacte-
rium is known to spread from cell to cell (23), thus avoiding
contact with the extracellular environment. It is, therefore,
protected from the action of antibodies. Accordingly, a pro-
tective effect of immune serum on naive hosts has not been
found (3, 19). Instead, for the eradication of listeria, cellular
defense mechanisms are of crucial importance. These include
the action of unspecific cells, such as neutrophils (5, 6) and
macrophages, as well as NK cells and specific T cells (14).

Recently, there have been reports on the detection of spe-
cific antibodies to listeriolysin in listeriosis patients (1, 9, 11)
and in listeria-infected sheep (15, 18). These investigations
were carried out in order to develop a sensitive diagnostic
assay for infections with L. monocytogenes, since these bacteria
often cannot be isolated from patients with suspected listerio-
sis. Similarly, antibodies against p60 have also been detected in
listeriosis patients (10) at levels that even surpass those de-
tected against Hly. Antibodies against other unidentified pro-
teins derived from bacterial supernatants were also detected in
that study. In addition, Renneberg et al. (20) observed specific
antibody formation against an unidentified listerial 93-kDa
protein derived from bacterial lysate.

Here we analyzed in detail the proteins which are recognized
during the human humoral immune response against L. mono-
cytogenes. Healthy individuals who regularly came into contact
with L. monocytogenes as a result of their profession were
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chosen for this study. This was done because we intended to
study the antibody response under the conditions of a func-
tional immune system, since in contrast, most listeriosis pa-
tients are immunocompromised. Additionally, we analyzed an-
tisera from reconvalescent patients that had suffered from
listeriosis.

Sera were prepared from healthy donors and stored frozen
in aliquots until use. Sera of confirmed listeriosis patients were
kindly provided by K. Notermans, Rijksinstituut voor Volks-
gezondheid, The Netherlands.

Bacteria used in this study were the nonpathogenic strain
Listeria innocua, the pathogenic strain L. monocytogenes EGD
pERLS50-1 prfA 7973, and mutants Ahly2 (13), Ahly2 prfA 7973,
and irpA2. The multicopy plasmid pERL50-1 prf4 7973 con-
tains a prfA allele from L. monocytogenes NCTC7973 and re-
sults in overexpression of prfd-regulated virulence factors.
Listeriolysin was purified according to the procedure described
by Darji et al. (7). Internalin B (InlB), IrpA (16), and ActA
were purified and kindly provided by S. Miiller, A. Lingnau,
and J. Wissing, respectively. Bacterial supernatants and cell
wall extracts were prepared as previously described (17). The
p60 protein was purified from supernatants of L. monocyto-
genes Ahly2, a strain that does not produce listeriolysin. Formic
acid (50 mM) was added to the concentrated culture superna-
tant, and the pH was adjusted to 4.0 with HCI. Batches of 50 ml
were applied to a cation exchange Mono S HRS5/5 column
(Pharmacia, Uppsala, Sweden), and the column was washed
with 50 mM Bicine (pH 8.35) and eluted with the same buffer
containing 1 M NaCl.

Concentrated supernatants or cell wall extracts of L. mono-
cytogenes and L. innocua were used as antigens in immuno-
blots. The blots were incubated with sera of healthy donors.
Two major bands with apparent molecular masses of 58 and 30
kDa were stained in both cell wall extracts and supernatants.
Some of the sera only recognized one of the proteins strongly,
while others detected both (Fig. 1). Only sera from donors with
suspected contact to Listeria spp. stained these two bands. The
bands were not detected in protein preparations of L. innocua
(data not shown). From the molecular masses of 58 and 30
kDa, we suspected the two proteins to be Hly (7) and IrpA
(16), respectively. Therefore, purified Hly or IrpA was tested
by immunoblot analysis. Identical to the results displayed in
Fig. 1, some of the sera detected only one of the proteins, while
others recognized both (Fig. 2A). To confirm the identity of
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FIG. 1. Two proteins of L. monocytogenes are stained in an immunoblot assay by human sera from healthy donors. Cell wall extracts (A) or concentrated
supernatants (B) of L. monocytogenes EGD pERL50-1 prfA 7973 were used as antigens in the immunoblot assay. Letters at top of each panel represent donors and

numbers at left are molecular mass markers in kilodaltons.

the two major bands, cell wall and supernatant preparations
from L. monocytogenes strains were used which no longer pro-
duce Hly or IrpA. As expected, no 58-kDa band could be
detected when extract or supernatant from an Hly deletion
mutant was used, while the 30-kDa band was missing in prep-
arations from the IrpA~ strain (Fig. 2B). This was true for all
positive donors tested in this study (data not shown). Addi-
tionally, purified InlB and ActA were used as antigens in im-
munoblots. These two proteins could be stained only with the
serum of a single donor (Fig. 2A, donor A; also data not
shown). The same serum also recognized InIB in the cell wall
preparation of L. monocytogenes (Fig. 2B, lanes labeled CW).

The results obtained so far indicated that Hly and IrpA were
the main proteinaceous targets of the human antibody re-
sponse against L. monocytogenes. Nevertheless, there have
been reports that the murein hydrolase p60, which has an
apparent molecular mass of 60 kDa, is an even more potent
inducer of an antibody response than Hly in humans (10).
Since we were not able to identify a corresponding band with
crude protein preparations from the deletion mutant Ahly2, we
purified p60 and used it as an antigen in immunoblot experi-
ments. While p60 was recognized by the specific monoclonal
antibody IC87C8D10, it was only weakly stained by two of the
antisera tested (Fig. 3, donors F and G) and not at all by the
others, despite their obvious reactivity towards the listerial
proteins Hly and IrpA.

To obtain a quantitative evaluation of the reactivity of the
antisera enzyme-linked immunosorbent assays (ELISA) were
performed with purified Hly, IrpA, InlB, ActA, and p60 as
antigens. Immunoglobulin G (IgG) titers were calculated as
reciprocal dilutions of sera which resulted in half-maximal
color reactions. Values obtained for Hly, IrpA, and InIB gen-
erally corresponded well to the results observed in the immu-
noblot experiments (Table 1). The highest IgG titers were
found against Hly and IrpA. Additionally, sera from donor A
showed a high titer against InlB. Again, IgG titers against p60
were generally low, except for sera from donor F which had
also shown a weak signal against p60 in the immunoblot assay
(Fig. 3). Sera from donors E and G, for whom no contact with
Listeria spp. was known, did not show a significant IgG re-
sponse against Hly and IrpA in either assay (Table 1).

The antibodies induced in healthy individuals against liste-
rial proteins could be different from the antibodies induced in
patients suffering from listeriosis. Therefore, immunoblot anal-
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FIG. 2. Identification of Hly and IrpA as the two recognized listerial pro-
teins. (A) Purified Hly and IrpA were used as antigens in immunoblot assays and
were stained with sera from different healthy donors as indicated. Only the serum
of donor A stained both InlB and ActA. (B) Cell wall (CW) and supernatant
(SUP) preparations of L. monocytogenes EGD pERLS50-1 prf4 7973 (wild type
[wt]), Ahly2 prfA 7973 (Ahly2), or irpA2 (irp~) were used as antigens in immu-
noblot assays and were stained with serum of donors A or B. Vertical lines indicate
where the figures have been put together from different immunoblots. Numbers at
left are molecular masses in kilodaltons. Letters below panels represent donors.
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TABLE 1. Serum IgG titers against purified listerial antigens measured by ELISA compared to reactivity in immunoblots
IgG titer” Reaction in immunoblot”
Subject
Hly IrpA InlB ActA p60 Hly IrpA InlB ActA p60

Healthy donor

A 1,500 2,000 1,000 20,000 200 ++ ++ ++ + —

B 200 100 300 - - - - -

C 500 - ++ - - -

D 700 400 800 + - - - +/—

E 400 1,000 900 300 + ++ — — —

F 400 800 300 + ++ - - -

G — — — — —

H 200 100 400 - - - - +/=
Listeriosis patient

1 300 100 300 4,000 400

2 200 100

3 3,000 10,000 8,000 5,000 1,000

4 200 500 400 500 300

5 500 100 500 500

6 400

7 100 100 400 100

8 100 500 500 400 500

“IgG titers were determined by ELISA. Sera were used at different dilutions. IgG titers are expressed as reciprocal serum dilutions resulting in half-maximal color

reactions.

b Reactivity in immunoblots was estimated visually. +, positive reaction; ++, very strong reaction; +/—, weak reaction;

yses were performed with concentrated supernatants of L.
monocytogenes or mutant strains and developed with sera from
eight patients with confirmed listeriosis. As shown in Fig. 4, the
pattern of bands recognized by these antisera resembled in
general those found with immunoblots with antisera derived
from healthy individuals. Seven of eight sera recognized Hly,
while four of them (Fig. 4, patients 3, 4, 5, and 8) recognized
the 30-kDa IrpA protein clearly. Interestingly, with the other
four sera (from patients 1, 2, 6, and 7) a 32-kDa band in the
supernatant of L. monocytogenes was stained more strongly
than the 30-kDa band of IrpA. This 32-kDa band was absent in
the IrpA mutant. Monoclonal antibodies recognizing IrpA also
cross-reacted with this 32-kDa polypeptide (data not shown).
Thus, we believe that it represents an unprocessed or modified
form of IrpA. As observed with antisera of healthy donors, no
staining of p60 was observed in the immunoblot assay, as there
was no 60-kDa band detected in concentrated supernatant
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FIG. 3. p60 is not a major target of the human antibody response against L.
monocytogenes. Purified p60 was used as an antigen in immunoblot assays and
was stained either with the specific monoclonal antibody IC87C8D10 (kindly
provided by A. Lingnau) or with sera from the indicated donors. p60 was only
very weakly stained by sera of donors F and G.

—, no detectable reaction.

preparations of L. monocytogenes Ahly2 with any of the sera
tested. With sera from three patients, an unknown protein with
an apparent molecular mass of 40 kDa was detected (Fig. 4,
patients 2, 7, and 8). This polypeptide was also lacking in the
IrpA insertion mutant. Proteins of similar weight were stained
with these sera in supernatant preparations of L. innocua,
Listeria seeligeri, and Listeria ivanovii (data not shown).

Quantitative analysis of the antibody response with purified
proteins confirmed the results obtained by immunoblotting.
Generally, in listeriosis patients a broader spectrum of antigens
is recognized, compared to that of healthy donors (Table 1).
Three patients (no. 2, 6, and 7) had very low IgG titers against
all the proteins tested, possibly reflecting an immunocompro-
mised status. Five of eight patients showed significant IgG
titers against InlB and six of eight did so against ActA, while in
healthy donors significant titers against these proteins were
only found in one of five and three of five individuals, respec-
tively, for whom a detectable reaction was observed. Further-
more, in five patients significant IgG titers against p60 were
found, while no such antibodies were observed in immunoblot
analysis. The recognition of IrpA corresponded very well with
the results obtained by immunoblot analysis, but only in three
patients could significant IgG titers against Hly be detected by
ELISA, while in the immunoblot analysis sera from seven
patients showed a clear reaction with this protein. This may be
due to a high lipid content in the sera of the patients which may
inhibit the recognition of the native protein (7).

Although specific antibodies might play no role in the de-
fense against infection with L. monocytogenes (3, 19), definition
of antigens detected by sera of listeriosis patients might be of
great diagnostic value. Our results clearly show that only two
secretory proteins from L. monocytogenes induce a strong IgG
response in the majority of the healthy donors tested. They
were identified as Hly and the recently described IrpA (16),
which is identical to InlC (8). IgA antibodies against listerial
proteins could not be detected in these donors, excluding the
possibility of a permanent colonization (data not shown). The
reactivity towards Hly and IrpA was not due to cross-reaction
of antibodies against proteins derived from other bacteria,
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FIG. 4. Sera of listeriosis patients show a similar recognition pattern com-
pared to that of healthy individuals. Concentrated supernatant preparations from
L. monocytogenes EGD pERLS50-1 prfA 7973 (wild type [wt]), Ahly2 prfA 7973
(Ahly2), and irpA2 (irp~) were used as antigens in immunoblot assays and
reacted with sera of eight patients (indicated by numbers at the bottom of the
gels) with confirmed listeriosis. Sera from most patients recognized listeriolysin
O, while sera from four of eight patients recognized the 30-kDa IrpA. Instead,
sera from seven of eight patients recognized a 32-kDa band which we believe to
be an unprocessed form of IrpA. Additionally, sera from patient 3 recognized a
90-kDa band of unknown origin. Numbers at left are molecular masses in kilo-
daltons.

since in 20 randomly selected donors no antibodies against
these proteins were found (data not shown). The serum of only
one of these donors recognized an additional protein, InIB.
However, this donor might not be representative as he has
been working with this protein including its hyperexpression in
Listeria spp. Reactivity against two other proteins, ActA and
p60, was detected in ELISA using purified proteins but was
detected only very weakly or not at all by immunoblotting. In
contrast, sera from listeriosis patients contained IgG antibod-
ies against a broad set of antigens, including Hly, IrpA, InIB,
ActA, and p60. The reaction towards IrpA differed from that
of healthy donors, since in seven patients a 32-kDa protein
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which we believe to be an unprocessed form of IrpA was
recognized strongly, while the 30-kDa IrpA was recognized
only by sera of four of eight patients.

Taken together, our data show that Hly and IrpA are major
targets of the humoral immune response against L. monocyto-
genes in humans. These antigens, together with InlB and ActA,
can be used to probe for and identify listerial infections in
patients and, in particular, to assess the incidence of innocuous
infection by pathogenic listeria in the general population. The
usefulness of p60 as an indicator for infection with pathogenic
L. monocytogenes is limited. It is found also in nonpathogenic
Listeria species (2) and only a few donors responded well
against this protein. An interesting observation made in this
study is that major targets of the humoral response in healthy
donors are secreted virulence factors that are generally re-
stricted to pathogenic Listeria spp. Listeriolysin is also a major
target of the T-cell response in infections, but little or nothing
is known about other secreted virulence factors concerning
their use as T-cell targets. The significance of these findings is
currently being explored by examining a large collection of
antisera derived from various sources.

REFERENCES

. Berche, P., K. A. Reich, M. Bonnichon, J.-L. Beretti, C. Geoffroy, J. Rav-
eneau, P. Cossart, J.-L. Gaillard, P. Geslin, H. Kreis, and M. Veron. 1990.
Detection of anti-listeriolysin O for serodiagnosis of human listeriosis. Lan-
cet 335:624-627.

2. Bubert, A., M. Kuhn, W. Goebel, and S. Kohler. 1992. Structural and func-
tional properties of the p60 proteins from different Listeria species. J. Bac-
teriol. 174:8166-8171.

3. Cerny, A., A. W. Hiigin, H. Bazin, S. Sutter, H. Hengartner, and R. M.
Zinkernagel. 1988. Anti-Listeria monocytogenes immunity in p-suppressed
mice: a comparison of treatment with conventional hyperimmune rabbit
anti-mouse IgM and affinity-purified, monoclonal rat anti-mouse IgM. Med.
Microbiol. Immunol. 177:123-131.

4. Chakraborty, T., and J. Wehland. 1997. The host cell infected with Listeria
monocytogenes, p. 271-290. In S. H. E. Kaufmann (ed.), Host responses to
intracellular pathogens. R. G. Landes Co. and Chapman & Hall, Austin,
Texas.

5. Conlan, J. W,, and R. J. North. 1991. Neutrophil-mediated dissolution of
infected host cells as a defense strategy against a facultative intracellular
bacterium. J. Exp. Med. 174:741-744.

6. Conlan, J. W., and R. J. North. 1993. Neutrophil-mediated lysis of infected
hepatocytes. ASM News 59:563-567.

7. Darji, A., T. Chakraborty, K. Niebuhr, N. Tsonis, J. Wehland, and S. Weiss.
1995. Hyperexpression of listeriolysin in the nonpathogenic species Listeria
monocytogenes and high yield purification. J. Biotechnol. 43:205-212.

8. Engelbrecht, F., S. K. Chun, C. Ochs, J. Hess, F. Lottspeich, W. Goebel, and
Z. Sokolovic. 1996. A new PrfA-regulated gene of Listeria monocytogenes
encoding a small, secreted protein which belongs to the family of internalins.
Mol. Microbiol. 21:823-837.

9. Gaillard, J.-L., J.-L. Beretti, M. Boulot-Tolle, J.-M. Wilhelm, J. L. Bertrand,
T. Herbelleau, and P. Berche. 1992. Serological evidence for culture-negative
listeriosis of central nervous system. Lancet 340:560.

10. Gentschev, L., Z. Sokolovic, S. Kohler, G. F. Krohne, H. Hof, J. Wagner, and
W. Goebel. 1992. Identification of p60 antibodies in human sera and presen-
tation of this listerial antigen on the surface of attenuated salmonellae by the
HlyB-HlyD secretion system. Infect. Immun. 60:5091-5098.

11. Gholizadeh, Y., C. Poyart, M. Juvin, J. L. Beretti, J. Croize, P. Berche, and
J. L. Gaillard. 1996. Serodiagnosis of listeriosis based upon detection of
antibodies against recombinant truncated forms of listeriolysin O. J. Clin.
Microbiol. 34:1391-1395.

12. Gray, M. L., and A. H. Killinger. 1996. Listeria monocytogenes and listeric
infections. Bacteriol. Rev. 30:309-382.

13. Guzman, C. A., M. Rohde, T. Chakraborty, E. Domann, M. Hudel, J. Weh-
land, and K. N. Timmis. 1995. Interaction of Listeria monocytogenes with
mouse dendritic cells. Infect. Immun. 63:3665-3673.

14. Kaufmann, S. H. E. 1993. Immunity to intracellular bacteria. Annu. Rev.
Immunol. 11:129-1163.

15. L’Hopital, S., J. Marly, P. Pardon, and P. Berche. 1993. Kinetics of antibody
production against listeriolysin O in sheep with listeriosis. J. Clin. Microbiol.
31:1537-1540.

16. Lingnau, A., T. Chakraborty, K. Niebuhr, E. Domann, and J. Wehland. 1996.
Identification and purification of novel internalin-related proteins in Listeria
monocytogenes and Listeria ivanovii. Infect. Immun. 64:1002-1006.

17. Lingnau, A., E. Domann, M. Hudel, M. Bock, T. Nichterlein, J. Wehland,

and T. Chakraborty. 1995. Expression of the Listeria monocytogenes EGD

Ju



3980

18.

19.

20.

NOTES

inlA and inlB genes, whose gene products mediate bacterial entry into tissue
culture cell lines, by PrfA-dependent and -independent mechanisms. Infect.
Immun. 63:3896-3903.

Low, J. C., R. C. Davies, and W. Donachie. 1992. Purification of listeriolysin
O and development of an immunoassay for diagnosis of listeric infections in
sheep. J. Clin. Microbiol. 30:2705-2708.

Miki, K., and G. B. Mackaness. 1964. The passive transfer of acquired
resistance to Listeria monocytogenes. J. Exp. Med. 120:93-103.

Renneberg, J., K. Persson, and P. Christensen. 1990. Western blot analysis
of the antibody response in patients with Listeria monocytogenes meningitis

Editor: S. H. E. Kaufmann

21.

22.

23.

INFECT. IMMUN.

and septicemia. Eur. J. Clin. Microbiol. Infect. Dis. 9:659-663.

Schuchat, A., B. Swaminathan, and C. V. Broome. 1991. Epidemiology of
human listeriosis. Clin. Microbiol. Res. 4:169-183.

Sheehan, B., C. Kocks, S. Dramsi, E. Gouin, A. D. Klarsfeld, J. Mengaud,
and P. Cossart. 1994. Molecular and genetic determinants of the Listeria
monocytogenes infectious process. Curr. Top. Microbiol. Immunol. 192:187-
216.

Tilney, L. G., and D. A. Portnoy. 1989. Actin filaments and the growth,
movement, and spread of the intracellular parasite, Listeria monocytogenes.
J. Cell Biol. 109:1597-1608.



