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An extra- and an intracellular product from the bacterium Haemophilus ducreyi were shown to have a

cytotoxic effect on cell lines of epithelial origin, e.g., HEp-2 and HeLa cells. The cytotoxic effect appeared on

cells within 24 h and resulted in cell death and morphologically changed cells. The cytotoxic activity was heat
and pronase sensitive. The activity could be removed by incubation with the target cells, suggesting attachment
of the agent to the cells. The cytotoxic products were secreted into the environment during exponential growth
of bacteria and produced by most of the H. ducreyi strains tested. The activity was neutralized by homologous
rabbit immune serum but not by the corresponding preimmune serum. The results indicate that strains of H.
ducreyi produce a cytotoxin which may be of importance to the pathogenesis of chancroid.

The gram-negative bacterium Haemophilus ducreyi
causes chancroid (soft chancre), a sexually transmitted
disease which is endemic in many developing countries (5,
18, 21), particularly in Africa (4, 16, 21, 23) and Southeast
Asia (27). Locally restricted outbreaks of chancroid have
also been reported in North America and Europe (5). The
disease is characterized by painful genital ulcerations and, in
more than 50% of the cases, frequent regional lymphadenop-
athy.
Chancroid has received renewed attention as a significant

predisposing factor in the sexual transmission of human
immunodeficiency virus. Heterosexual individuals with gen-
ital ulcers have been reported to be at a significantly higher
risk of subsequent human immunodeficiency virus infection
(3, 10, 15).
H. ducreyi, the etiological agent of chancroid, was first

described by Auguste Ducrey in 1889 (7). Little is known
about its essential virulence factors and about the pathogen-
esis of chancroid. Intradermal inoculation of bacteria in
rabbits has been used to differentiate between virulent and
avirulent strains (6). It has also been suggested that differ-
ences between the lipopolysaccharide compositions of avir-
ulent and virulent H. ducreyi strains exist (24). No reports on
any toxin other than endotoxin (lipopolysaccharide) have
been published.
One aim of the present study was to investigate whether

H. ducreyi products have a cytotoxic effect on cells in cell
culture. We found that both extra- and intracellular sub-
stances produced by H. ducreyi had a strong toxic action on
cells (causing cell death), and consequently another aim was
to investigate whether this cytotoxic effect was due to
production of a cytotoxin. We studied some chemical and
biological properties attributed to bacterial toxins, such as (i)
protein nature, (ii) attachment to target cells, (iii) production
and secretion during bacterial growth, and (iv) antigenicity.

MATERIALS AND METHODS

Bacteria. Ten H. ducreyi strains were obtained from the
Culture Collection of the University of Goteborg (CCUG),
i.e., CCUG 4438 (=Cip 542), 7470, 7781, 9276, 10045, 17713,
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and 20693, and from Institute of Tropical Medicine Antwerp
(ITMA), i.e., ITMA 3207, 3542, and 4747.
Other Haemophilus strains tested were H. influenzae

CCUG 7566 and 12769 and H. aegypticus CCUG 629.
Cultivation of bacteria. H. ducreyi strains were cultivated

on chocolate GVL-3 agar plates containing 5% brain heart
infusion (BHI) agar, 1% horse blood, 1.5% horse serum,

0.05% yeast autolysate, 0.01% JAS (yeast autolysate; De-
partment of Bacteriology, Sahlgrenska Hospital, Goteborg,
Sweden), 0.015% IsoVitaleX, and 0.03 pd of vancomycin
(11). The plates were incubated at 33°C for 48 h in high
humidity in an anaerobic jar with Anaerocult C (Merck,
Darmstadt, Germany) for generation of an oxygen-depleted
and C02-enriched atmosphere.
The liquid medium for cultivation of H. ducreyi was BHI

broth supplemented with 1% hemin histidine solution (BHI-
hemin; Sigma Chemical Company, St. Louis, Mo.), L-histi-
dine (Fluka Chemie AG, Buch, Switzerland), 10% fetal calf
serum, 1% IsoVitaleX, and 0.03 ,ug of vancomycin (Depart-
ment of Bacteriology, Sahlgrenska Hospital, Goteborg, Swe-
den) per ml. The bacteria were gently rotated at 75 rpm and
33°C for up to 70 h in an anaerobic jar as described above.
H. influenzae and H. aegypticus were cultivated on choc-

olate Grand Lux (GL) agar plates for 24 h at 37°C in a

C02-enriched environment.
Cell-free culture medium preparation. Bacteria were culti-

vated in 50 ml of BHI-hemin broth for 48 h. After cultivation,
the bacterial suspensions were centrifuged at 12,000 x g for
20 min at 4°C. The pH of the supernatants was adjusted to
7.2 with 2 M NaOH and then sterilely filtered through a

0.22-,um-pore-size filter (Millipore Corp., Bedford, Mass.).
The preparations were stored at -20°C.
To study production of cytotoxic activity in relation to

bacterial growth, strains CCUG 7470 and 10045 were culti-
vated for up to 70 h. Samples were taken continuously
during growth. Optical density at 600 nm (OD600) and viable
counts were measured. Each cell-free culture medium sam-

ple was sterilely filtered. Bacteria were also washed, sus-

pended in phosphate-buffered saline (PBS) to the original
volume, sonicated, sterilely filtered, and stored at -20°C
until analyzed.

Sonic preparation. Bacteria were cultivated on GVL-3 and
GL chocolate agar plates for 48 (H. ducreyi) and 24 (H.
influenzae and H. aegypticus) h, respectively. After cultiva-
tion, the bacteria were harvested, washed with PBS and/or
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directly suspended in PBS to an OD6. of 1.0, and ultrason-
icated on ice twice for 1 min each time at 20 kHz (MSE
sonifier) with a 30-s interval. After sonication, the bacterial
suspensions were centrifuged at 12,000 x g for 20 min at 4°C
and the supernatants were sterilely filtered. The preparations
were stored at -20°C until analyzed.

Osmotic preparation. Bacteria were cultivated as de-
scribed for sonic preparation. After cultivation, bacteria
were harvested and suspended in sterile distilled water,
adjusted to an OD6. of 1.0, and kept for 10 min at room
temperature (17). After treatment, the bacterial suspensions
were centrifuged at 12,000 x g for 20 min at 4°C. This
procedure caused no visible destruction of cell morphology,
as judged on gram-stained preparations. The supernatants
were sterilely filtered and stored at -20°C until analyzed.
This preparation was referred to as the osmotic preparation,
and the protein concentration was <1 mg/ml.
Other sonic and/or osmotic preparations with a protein

concentration of >1 mg/ml were prepared from strains
CCUG 7470, 7781, 9276, 10045, and 17713 and ITMA 3207.
Bacteria from 20 to 30 plates were suspended in either 20 ml
of distilled water or 20 ml of PBS. The bacteria were treated
as described above.
The osmotic and sonic preparations from H. influenzae

and H. aegypticus were further concentrated 10-fold with a
MINICON B-15 (Amicon, Beverly, Mass.) before use in the
cytotoxicity test.

Protein assay. The protein concentrations of the prepara-
tions were measured by using the method of Bradford (2)
with bovine serum albumin as the standard (Bio-Rad Protein
Assay, Bio-Rad Laboratories, Richmond, Calif.).
Heat and protease treatment. Cell-free culture medium and

sonic and osmotic preparations from strains CCUG 7470 and
10045 were incubated for 30 min at 23, 56, 70, 85, and 100°C.
After treatment, the preparations were sterilely filtered,
stored on ice, and analyzed immediately for cytotoxic activ-
ity on HEp-2 cells.
One milliliter of immobilized Pronase-CB (Pierce) was

packed into 5-ml syringes. The gels were washed 10 times
with sterile enzyme buffer (0.05 M Tris/HCl, 2 mM CaCl2-
6H2O, pH 8.0). Sonic preparations from strains CCUG 7470
and 10045 were loaded on the gels and incubated at 37°C for
20 h. After pronase treatment, the preparations were col-
lected, immediately sterilely filtered, and analyzed for cyto-
toxic activity on Hep-2 cells. As controls, the same sonic
preparations were incubated over the same period of time
with enzyme buffer.

Cultivation of cell lines. HEp-2 (ATCC CCL 23), HeLa
(ATCC CCL 2), A549 (human) (ATCC CCL 185), primary
human fetus fibroblast (Hum) (Department of Virology,
Goteborg University), Vero (ATCC CCL 81), GMK (Depart-
ment of Virology, Goteborg University), MDCK (NBL-29)
(ATCC CCL 34), and McCoy (ATCC CRL 1696) cells were
cultivated in Eagle minimal essential medium with a 5 to 8%
concentration of calf serum. For BHK-21 (C-13) (ATCC
CCL 10) cells, Glasgow medium with 8% calf serum, 8%
tryptose phosphate broth, and 1% L-glutamine was used for
cultivation. All cells were incubated at 37°C in a 6% C02-
enriched and 93% humidified atmosphere.

After 48 to 72 h of growth, the cells were harvested by
using a solution of EDTA in PBS containing 4% trypsin for
GMK, BHK, HEp-2, HeLa, A549, and MDCK cells or 4%
trypsin in buffered NaCl for Vero, McCoy, and primary
human cells. The cells were then suspended in fresh culture
medium before being used in the cytotoxicity assay (see
description below).

Cytotoxicity assay. The cytotoxicity assay employed was
performed principally as described for pertussis (9) and
diphtheria (20) toxin assays. However, the experimental
conditions of the cytotoxicity assay with regard to cell
concentration, cell seeding volume, and incubation period
with cells were established in pilot experiments.
The assay was performed as follows. Flat-bottom micro-

titer plates (96 wells; Nunclon) were used. Fifty microliters
of cell culture medium was placed into each well. Twenty-
five or 50 ,ul of the preparations was added, and serial
dilutions were made threefold and twofold, respectively. All
preparations were tested in duplicate. Finally, 200 ,ul of
freshly trypsinated cells at a concentration of 4 x 104 cells
per ml in culture medium were added. The cells were
incubated with the preparations for 1 to 2 h, and the medium
was then replaced with 200 ,ul of fresh medium. The plates
were incubated for 60 to 72 h. As a cell control, PBS or
BHI-hemin medium was added instead of preparations.

Additionally, a confluent monolayer of cells was tested
with sonic and osmotic preparations as described above.
The final evaluation was made after 60 to 72 h, before and

after staining with 10% Giemsa solution (Merck Diagnostica,
Darmstadt, Germany), by using inversion microscopy.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide and trypan blue treatments were used to confirm
and evaluate death of cells in the cytotoxicity assay. Plates
with cells incubated as described above were treated with
3 -(4,5 -dimethylthiazol -2-yl) -2,5 -diphenyl -2H - tetrazolium
bromide (Sigma Chemical Company) at a final concentration
of 0.5 mg/ml as previously described (22). Trypan blue (Flow
Laboratories) was used in a final concentration of 0.025%
(vol/vol). Cells were examined after 1 h of incubation in 37°C
by using inversion microscopy. One hundred stained (trypan
blue) or unstained [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
2H-tetrazolium bromide] cells in each dilution were exam-
ined and counted.
The endpoint titer of the cytotoxic effect (cytotoxicity

titer) was defined as the dilution giving 250% dead cells
and/or morphologically changed cells compared with the cell
controls.
The reproducibility of the assay was + 1 two- or threefold

dilution.
Absorption of cytotoxic activity with HEp-2 cells. A 100-pl

volume of cell-free culture medium and sonic (diluted -1:10)
and osmotic preparations from strains CCUG 7470 and 10045
were added to test tubes containing 200 ,ul of a freshly
preparated suspension of Hep-2 cells (108 cells per ml). The
samples were gently mixed and incubated at 37°C with a 6%
CO2 and 93% humid atmosphere for 1 h. After incubation,
the tubes were centrifuged at 300 x g for 1 min at 23°C and
the supernatants were incubated once more with new cells
for 1 h. After centrifugation, the supernatants were analyzed
for cytotoxic effect on Hep-2 cells. As a control, the prepa-
rations were incubated in the same manner but without cells,
to investigate the possibility of cytotoxic inactivation due to
2 h of incubation. Additionally, as an absorption control,
cells exposed to the different preparations were seeded into
96-microwell plates to verify the cytotoxic effect (cell death).
The untreated preparations were also used as controls to
establish the cytotoxicity titer.

Influence of exposure time on the cytotoxic effect. Cell-free
culture medium and sonic and osmotic preparations from
strain CCUG 7470 were diluted twofold, and HEp-2 cells
were exposed for 5, 15, 30, 45, 60, and 90 min. After each
incubation period, the plates were centrifuged, the medium
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was changed, and the plates were further incubated for 60 to
72 h and then examined for a cytotoxic effect.

Immunization of rabbits. Six New Zealand White rabbits
were immunized with sonic preparations from strains CCUG
7470, 10045, 9276, 7781, and 17713 and ITMA 3207 (about 1
mg of protein per ml). The rabbits were injected intrader-
mally with four injections (0.1 ml each) of the bacterial
sonicate incorporated in Freund's complete adjuvant (1:1).
Injection of the bacterial sonicate mixed with Freund's
incomplete adjuvant was performed 3 weeks later. After
another 3 weeks, two or three booster injections with
bacterial sonicate in PBS were made at 2-week intervals.
Each rabbit received 200 ,ug of protein per immunization.
Final bleedings were performed 14 days after the last injec-
tion. All sera were kept at -20°C until analyzed.

Neutralization of cytotoxic activity by immune sera. We
mixed 0.3-ml volumes of sonic preparations from strains
CCUG 7470, 7781, 9276, 10045, and 17713 and ITMA 3207
with a protein concentration of >1 mg/ml with 0.3 ml of
preimmune or homologous immune serum. The tubes were
gently mixed at 37°C for 45 min and centrifuged at 10,000 x
g for 20 min at 4°C, and the supernatants were tested for
cytotoxic effect on Hep-2 cells.

RESULTS

Cytotoxic effect on HEp-2 cells. When three different prep-
arations, cell-free culture medium and sonic and osmotic
preparations from H. ducreyi CCUG 7470, were tested on
freshly seeded Hep-2 cells, cytotoxic activity was registered
for all three preparations, showing similar patterns. When
cells were exposed to high concentrations of the H. ducreyi
products, rounded cells (dead cells) were seen. With in-
creased dilution, dead cells and cells with changed morphol-
ogy, e.g., star-shaped, elongated, and enlarged (dying cells),
appeared (Fig. 1A to C). In the highest dilutions, morpho-
logically changed cells mixed with normally growing cells
were seen. The range between 100% cell death and normal
growth occurred within 3 to 4 threefold dilutions. The killing
curve showed a sigmoidal shape.
Monolayered HEp-2 cells exposed to sonic preparations

(Fig. 1D) were not as sensitive as freshly seeded cells. The
cytotoxic endpoint titer was 40 times lower than the end-
point titer of freshly seeded cells.
The developmental kinetics of the cytotoxic effect on

HEp-2 cells was studied over a period of 3 days. The
cytotoxic effect was detectable within 24 h of incubation for
all three preparations tested. After 48 and 72 h, the cytotoxic
effect was extended to higher dilutions for all three prepara-
tions. An increase in cell death occurred with extended
incubation time.

Sensitivities of different cell lines to H. ducreyi products. H.
ducreyi products also had a cytotoxic effect on other cell
lines. Table 1 shows the sensitivities of the different cell lines
tested (expressed as the dilution giving .50% cell death
and/or morphological changes). According to these criteria,
HEp-2, HeLa, and A549 cells were the most sensitive. Vero,
GMK, BHK, MDCK, and primary human cells showed poor
sensitivity to the different preparations. Cell death was not
seen in any dilution. However, morphologically changed
cells were observed. The most sensitive cell line was HEp-2.
Heat and pronase sensitivity of the cytotoxic activity. Cell-

free culture medium and sonic and osmotic preparations
from H. ducreyi CCUG 7470 and 10045 were used to test the
heat sensitivity of the cytotoxic activity (Table 2). The
results for all of the preparations tested showed that the

cytotoxic activity was partly inhibited at 56°C and not
detectable at 70°C.
When sonic preparations from strains CCUG 7470 and

10045 were treated with pronase, the cytotoxic activity
decreased 25 times for strain 10045, compared with the
control, and was totally abolished for strain 7470.
Absorption of the cytotoxic effect by incubation with HEp-2

cells. When cell-free culture medium and sonic and osmotic
preparations from strains CCUG 7470 and 10045 were incu-
bated with HEp-2 cells, the cytotoxic activity for all three
preparations from both strains was absorbed. Controls incu-
bated with cell culture medium showed 1 to 2 dilution steps
lower activity after 2 h of incubation than the native prepa-
rations that were not incubated. The incubated cells died
after treatment with the different preparations, as verified
after they were seeded into tissue culture plates, while the
cell controls showed normal growth.

Influence of exposure time on the cytotoxic effect. HEp-2
cells were exposed to cell-free culture medium and sonic and
osmotic preparations for 5 to 90 min. The cytotoxic effect
reached the cytotoxic endpoint titer after 15 min of expo-
sure. However, after 5 min of exposure a significantly high
cytotoxic titer was already noted for all three preparations
(Fig. 2).

Relationship between bacterial growth and cytotoxic activ-
ity. Two H. ducreyi strains, CCUG 7470 and 10045, were
cultivated in liquid medium to investigate the relationship
between growth and production of cytotoxic activity. Activ-
ity increased gradually during the log phase for both of the
strains, reaching the maximal endpoint titers of 1:128 for
strain 7470 and 1:512 for strain 10045 after 40 and 45 h of
growth. Figure 3 shows the relationship between the growth
of strain CCUG 10045 and the cytotoxic activity in medium
detected on HeLa cells. The viable count correlated with the
OD up to about 45 h of cultivation, but after this time no
viable bacteria were detected.

Relationship between cell-bound and secreted cytotoxin.
Another experiment was done to investigate the location of
the cytotoxin in bacteria during growth. Strains 7470 and
10045 were cultivated in liquid medium, and the relationship
between cell-bound cytotoxicity (washed, sonicated bacte-
ria) and secreted cytotoxicity (culture supernatant) was
tested on Hep-2 cells. After 48 h of growth, the cytotoxic
effect for strain 10045 was 1:6,561 in medium and 1:27 in
sonicated bacteria. The corresponding titers for strain 7470
were 1:512 and 1:4. These results showed that about 99% of
the total activity was secreted into the medium. The same
strains were also cultivated on solid medium to compare
cytotoxicity between washed and unwashed bacteria. The
results showed that there was no difference in cytotoxicity in
the sonicate when bacteria were washed or unwashed.
Moreover, the supernatants from the PBS wash had only
0.1% of the total activity in the sonicate.

Cytotoxic activity in cell culture medium and sonic prepa-
rations among different Haemophilus strains. Ten H. ducreyi
strains, two strains of H. influenzae, and one strain of H.
aegypticus were tested on two or three occasions for cyto-
toxic activity (Table 3). The same 6 of 10 H. ducreyi strains
showed a high cytotoxic effect on HEp-2 cells in both
preparations. Four strains showed low or no cytotoxic
activity in both cell-free culture medium and sonic prepara-
tions. For most of the strains, a 10- to 1,000-fold higher
cytotoxic activity was found in bacterial cells grown on solid
medium, suspended to an OD of 1.0, than in culture medium
from cells grown in liquid medium to an OD between 0.25
and 0.85.
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TABLE 1. Sensitivities of different cell lines exposed to cell-free
culture medium and sonic and osmotic preparations

from H. ducreyi CCUG 7470

Cytotoxicity (reciprocal dilution)a
Cell line Cell-free culture Sonic Osmotic

medium preparationb preparationc

HEp-2 243 1.8 x 105 729
HeLa 243 3.6 x 103 729
A549 243 3.6 x 103 729
Humd 3 3 3
Verod 3 3 3
GMKd 3 9 3
MDCKd 3 3 3
BHKd 3 3 3
McCoy <3 <3 <3

a The controls used were PBS, distilled water, and BHI-hemin broth, and
all control titers were <3.

b Protein concentration, 0.41 mg/ml.
c Protein concentration, 0.28 mg/ml.
d Rounding of cells (cell death) was not seen, only inhibition of growth and

morphological changes.

The protein concentrations of the preparations tested are
shown in Table 3. The amounts of protein in osmotic and
sonic preparations were in the same range for all H. ducreyi
strains but 10 times lower for the other Haemophilus strains,
although the same procedure was used.

Sonic and osmotic preparations from H. influenzae and H.
aegypticus showed no cytotoxic effect on Hep-2 cells, not
even when concentrated 10-fold.

Neutralization of cytotoxic activity by immune sera. Sonic
preparations from strains CCUG 7470, 7781, 9276, 10045,
and 17713 and ITMA 3207 were absorbed with homologous
rabbit immune serum and preimmune serum (Table 4). The
procedure resulted in neutralization or in a 2,000- to 5,000-
fold decrease in cytotoxic activity compared with prepara-
tions absorbed with the preimmune serum.

DISCUSSION

In this study, we present the discovery of a cytotoxic
effect in H. ducreyi extra- and intracellular products on
human cell lines in culture, resulting in cell injury and cell
death. Furthermore, we provide, for the first time, evidence
that H. ducreyi produces a cytotoxin(s), which is responsible
for this effect.
Although it is not shown by the data that the cytotoxic

TABLE 2. Heat sensitivity of cell-free culture medium and sonic
and osmotic preparations from H. ducreyi CCUG 7470 (strain 1)
and 10045 (strain 2) treated for 30 min at different temperatures

Cytotoxicity titer (reciprocal dilution)

Temp Cell-free culture Sonic preparation' Osmotic preparation'
(OC) medium

Strain 1 Strain 2 Strain 1 Strain 2 Strain 1 Strain 2

23 243 6.6 x 103 5.3 x 105 5.9 x 104 1.9 X 104 1.9 X 103
56 <3 81 243 729 243 243
70 <3 <3 <3 <3 <3 <3
85 <3 <3 <3 <3 <3 <3

' Protein concentrations, 1.2 and 1.0 mg/ml (for strains 1 and 2, respective-
ly).

b Protein concentrations, 1.4 and 1.7 mg/ml (for strains 1 and 2, respective-
ly). Cytotoxic activity after treatment was examined on HEp-2 cells.

0 ~~~~~~~~~-4I-2-

uo3-'--'

20 40 60 90

Time (min)

FIG. 2. Influence of time of incubation with preparations from
H. ducreyi CCUG 7470 on Hep-2 cells. The cytotoxic effect was
measured after 5 to 90 min of exposure. Protein concentrations for
sonic and osmotic preparations were 0.41 and 0.28 mg/ml, respec-
tively. Symbols: El, cell-free culture medium; sonic preparation
(1:100 dilution); *, osmotic preparation (1:10 dilution).

activity is due to a single protein, some results indicate the
action of one toxin. Different bacterial preparations caused
the same type of cell morphological changes, showed the
same kinetics of action, and affected the same cell lines.
The evidence that the cytotoxic activity produced by H.

ducreyi is a protein can be summarized as follows. The
cytotoxic activity is protein mediated, since the cytotoxic
effect is inhibited by heat and pronase treatment. The toxin
has antigenic properties, since immunization of rabbits with
the bacterial sonicate results in production of antibodies
responsible for neutralization of cytotoxic activity. The
immunogenicity also indicates a high molecular weight of the
toxin.
H. ducreyi sonicate with 0.4 mg of total protein per ml can

be diluted 1.8 x 105 times and still cause a cytotoxic effect on
Hep-2 cells. This indicates that less than a nanogram is
needed to cause damage to the cells and thus a potent toxic
activity. It can be mentioned that 0.15 ng of diphtheria toxin
per ml is sufficient to cause death of Vero cells (19).
The toxin is secreted into the environment during expo-

nential growth, since 99% of the cytotoxic activity was found

1-1

9CaCa

.;1)

.P.

vq

Time (hs)
FIG. 3. Relationship between bacterial growth and cytotoxin

production. H. ducreyi CCUG 10045 was cultivated on BHI-hemin
broth. Samples were taken on each occasion indicated and analyzed
for cytotoxic activity on HeLa cells. Symbols: El, OD; *, cytotox-
icity titer.
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TABLE 3. Cytotoxic activities of different Haemophilus strains

Cytotoxicity titer
(reciprocal dilution)" Protein

Strain Cell-free concn

culture OD6C Sonic (mg/ml)
medium' preparation

H. ducreyi
CCUG 4438 (CIP 542) <3 0.30 .9 0.27
CCUG 7470 243 0.51 1.8 x 105 0.41
CCUG 7781 729 0.60 1.8 x 105 0.53
CCUG 9276 1.9 x 104 0.18 1.8 x 105 0.51
CCUG 10045 6,561 0.69 1.8 x 105 0.44
CCUG 17713 6,561 0.85 1.9 x 104 0.41
CCUG 20693 <3 0.35 s9 0.40
ITMA 3207 2,187 0.24 6,561 0.25
ITMA 3542 <3 0.69 <9 0.45
ITMA 4747 <3 0.36 c9 0.40

H. influenzae
7566 ND ND <3 0.029
12769 ND ND <3 0.053

H. aegypticus 629 ND ND <3 0.053
a Controls (PBS and BHI-hemin broth) showed no cytotoxic effect on

HEp-2 cells.
b Bacteria were cultivated for 48 h in BHI-hemin broth.
c OD6, measures the bacterial cell suspension.
d Bacteria were cultivated for 48 h on GVL-3 plates and suspended to an

OD of 1.0 before sonication. Cytotoxic activity was tested on HEp-2 cells.

in the culture medium. This is also characteristic for some
other exotoxin-producing bacteria, e.g., Clostridium tetani,
C. perfringens, Vibrio cholerae, and Staphylococcus aureus
(1, 26).
When bacteria were cultivated on solid medium, a very

high cytotoxic activity was found in the cell sonicate. This
may indicate that cytotoxin can accumulate in cells or in the
periplasmic space, since a short osmotic shock resulted in
relatively high cytotoxic activity. Other exotoxin-producing
gram-negative bacteria, such as V. cholerae and Escherichia
coli, also accumulate toxin before secreting it into the
extracellular milieu, E. coli to a greater extent than V.
cholerae (1, 13, 19, 25). The difference between cytotoxic
activity in bacterial cells due to different cultivation proce-
dures needs further investigation.
The absorption study with HEp-2 cells indicated that the

TABLE 4. Neutralization of the cytotoxic activity of H. ducreyi
sonic preparations by homologous immune sera

Cytotoxicity titer" after
Preparation absorption with:

Strain protein concn
(mg/ml) Preimmune Immune

serum serum

CCUG 7470 1.9 3.2 x 104 <100
CCUG 7470 5.4 5.1 x 105 <100
CCUG 7781 3.1 2.0 x 106 800
CCUG 9276 1.5 2.5 x 104 <100
CCUG 9276 4.2 5.1 x 105 <100
CCUG 10045 1.3 5.1 x 105 <100
CCUG 10045 4.6 1.0 x 106 100
CCUG 17713 1.6 1.0 x 106 200
ITMA 3207 1.1 1.2 x 105 <100
ITMA 3207 2.8 5.1 x 105 100

a Cytotoxic activity was tested on HEp-2 cells.

toxic effect can be removed by target cells, suggesting
specific attachment of the toxin to the target cells. More-
over, this binding step seems to occur within 5 min, reaching
its maximum within 15 min. The binding of the toxin is
probably also irreversible, since removal of medium in the
cytotoxicity assay did not affect the cytotoxicity titer. Bind-
ing of toxin to specific cell receptors, on cell membranes of
sensitive cells, is known to be the first step in the mechanism
of action for some cytotoxins. This step can also be irrevers-
ible after binding to the target cells (8, 19).
H. ducreyi toxin seems to be active mainly on human cell

lines. Except for human fibroblasts, all three human cell
types (HEp-2, HeLa, and A549) showed the highest sensi-
tivity. It is important, however, to point out that cell death
was recorded only for human cell lines. This specificity of
the toxin to human cell lines of epithelial origin may explain
the fact that chancroid is a disease which probably affects
only humans (14).
We demonstrated that 6 of the 10 H. ducreyi strains tested

had the ability to produce a cytotoxin(s) with high cytotoxic
activity. Furthermore, we found that 35 of 40 other H.
ducreyi strains produced a cytotoxin (unpublished data).
Some strains, e.g., H. ducreyi reference strain Cip 542,
showed low or no cytotoxic activity. This strain has also
been reported to be avirulent in rabbit intradermal tests (12).
These data indicate that the ability to produce a cytotoxin

is characteristic of most H. ducreyi strains. Bacteria from
the genus Haemophilus are not known to produce any
toxins. H. influenzae and H. aegypticus sonicates had no

cytotoxic effect on HEp-2 or HeLa cells, as expected.
The fact that H. ducreyi cytotoxin causes damage to

human epithelial cells suggests that the toxin acts as a

virulence factor and that it is responsible for the develop-
ment of chancroid ulcers. However, the actual role of this
cytotoxin in the pathogenesis of chancroid remains to be
evaluated.

ACKNOWLEDGMENTS

We are thankful to E. Falsen and P. Piot for providing the strains
for this study.

This work was supported by the Swedish Agency for Research
Cooperation with Developing Countries (SAREC).

REFERENCES
1. Alouf, J. E., F. J. Fehrenbach, J. H. Freer, and J. Jeljaszewicz.

1984. Bacterial protein toxins. Academic Press, Inc. (London),
Ltd., London.

2. Bradford, M. M. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 72:248-254.

3. Cameron, D. W., L. J. D'Costa, J. 0. Ndinya-Achola, P. Piot,
and F. A. Plummer. 1988. Incidence and risk factors for female
to male transmission of HIV. Abstr. 4061. IV International
Conference on AIDS, Stockholm, June 1988.

4. Dangor, Y., G. Fehler, F. D. M. P. P. Exposto, and H. J.
Koornhof. 1989. Causes and treatment of sexually acquired
genital ulceration in southern Africa. S. Afr. Med. J. 76:339-
341.

5. De Schryver, A., and A. Meheus. 1990. Epidemiology of sexually
transmitted diseases: the global picture. Bull. W.H.O. 68(5):
639-654.

6. Dienst, R. B. 1948. Virulence and antigenicity of Haemophilus
ducreyi. Am. J. Syphilis Gonorrhea Vener. Dis. 32:289-291.

7. Ducrey, A. 1889. Experimentelle Untersuchungen uber den
Ansteckungsstoff des weichen Schankers und uber die Bu-
bonen. Monatsh. Prakt. Dermatol. 9:387-405.

8. Eidels, L., R. L. Proia, and D. A. Hart. 1983. Membrane
receptors for bacterial toxins. Microbiol Rev. 47:596-620.

VOL. 60, 1992



1162 PURVEN AND LAGERGARD

9. Gillenius, P., E. Jiatmaa, P. Askelof, M. Granstrom, and M.
Tiru. 1985. The standardization of an assay for pertussis toxin
and antitoxin in microplate culture of Chinese hamster ovary
cells. J. Biol. Stand. 13:61-66.

10. Greenblatt, R. M., S. A. Lukehart, F. A. Plummer, T. C. Quinn,
C. W. Critchlow, R. L. Ashley, L. J. D'Costa, J. 0. Ndinya-
Achola, L. Corey, A. R. Roland, and K. K. Holmes. 1988.
Genital ulcerations as a risk factor for human immunodeficiency
virus infection. AIDS 2:47-50.

11. Hammond, G. W., C. J. Lian, J. C. Wilt, and A. R. Roland.
1978. Comparison of specimen collection and laboratory tech-
niques for isolation of Haemophilus ducreyi. J. Clin. Microbiol.
7:39-43.

12. Hammond, G. W., C. J. Lian, J. C. Wilt, and A. R. Roland.
1978. Antimicrobial susceptibility of Haemophilus ducreyi. An-
timicrob. Agents Chemother. 13:608-612.

13. Hirst, T. R., S. J. S. Hardy, M. Lindblad, J. Sanchez, and J.
Holmgren. 1988. Enterotoxin export mechanisms of V. cholerae
and E. coli: implications and possibilities for LT purification, p.
259-269. In S. Kuwahara and N. F. Pierce (ed.), Advances in
research on cholera and related diarrheas 4. KTK Scientific
Publishers, Tokyo.

14. Kilian, M., and E. L. Biberstein. 1984. Genes II. Haemophilus
Winslow, Broadhurst, Buchanan, Krumwiede, Rogers and
Smith 1917, 516, p. 558-569. In N. R. Krieg and J. G. Holt (ed.),
Bergey's manual of systematic bacteriology, vol. 1. The
Williams & Wilkins Co., Baltimore.

15. Kreiss, J. K., D. Koech, F. A. Plummer, K. K. Holmes, M.
Lightfoote, P. Piot, A. R. Ronald, J. 0. Ndinya-Achola, L. J.
D'Costa, P. Roberts, E. N. Ngugi, and T. C. Quinn. 1986. AIDS
virus infection in Nairobi prostitutes. N. Engl. J. Med. 314:414-
418.

16. Mabey, D. C. W., R. A. Wall, and C. S. S. Bello. 1987. Aetiology
of genital ulceration in Gambia. Genitourinary Med. 63:312-315.

17. Marden, P., T. Nystrom, and S. Kjelleberg. 1987. Uptake of
leucine by a marine gram-negative heterotrophic bacterium
during exposure to starvation conditions. FEMS Microbiol.
Ecol. 45:233-241.

18. Meheus, A., E. Van Dyck, J. P. Ursi, R. C. Ballard, and P. Piot.
1983. Etiology of genital ulcerations in Swaziland. Sex. Transm.
Dis. 10:33-35.

19. Middlebrook, J. L., and R. B. Dorland. 1984. Bacterial toxins:
cellular mechanisms of action. Microbiol. Rev. 48:199-221.

20. Miyamura, K., S. Nishio, A. Ito, R. Murata, and R. Kono. 1974.
Micro cell culture method for determination of diphtheria toxin
and antitoxin titres using VERO cells. J. Biol. Stand. 2:189-201.

21. Morse, S. A. 1989. Chancroid and Haemophilus ducreyi. Clin.
Microbiol. Rev. 2:137-157.

22. Mossman, T. 1983. Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity assay.
J. Immunol. Methods 65:55-63.

23. Nsanze, H., M. V. Fast, L. J. D'Costa, P. Tukei, J. Curran, and
A. Roland. 1981. Genital ulcers in Kenya: clinical and labora-
tory study. Br. J. Vener. Dis. 57:378-381.

24. Odumeru, J. A., G. M. Wiseman, and A. R. Ronald. 1987.
Relationship between lipopolysaccharide composition and viru-
lence of Haemophilus ducreyi. J. Med. Microbiol. 23:155-162.

25. Randall, L. L., and S. J. Hardy. 1984. Export of protein in
bacteria. Microbiol. Rev. 48:290-298.

26. Stephen, J., and R. A. Pietrowski. 1981. Bacterial toxins, p.
9-98. In J. A. Cole and C. J. Knowles (ed.), Aspects of
microbiology. Thomas Nelson & Sons, Ltd., Walton-on-
Thames, United Kingdom.

27. Taylor, D. N., C. Duangmani, C. Suvongse, R. O'Connor, C.
Pitarangsi, K. Panikabutra, and P. Echeverria. 1984. The role of
Haemophilus ducreyi in penile ulcers in Bangkok, Thailand.
Sex. Transm. Dis. 11:148-151.

INFECT. IMMUN.


