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Haemophilus ducreyi ATCC 33922, a virulent, well-characterized strain, was used to construct a genomic
library in a bacteriophage expression vector. Three DNA fragments were selected for use as probes on the basis
of their ability to encode H. ducreyi-specific proteins, as demonstrated by reactivity with rabbit polyclonal
antiserum. With DNA-DNA hybridization, the three probes, labeled with 32p, reacted strongly with 16 strains
ofH. ducreyi obtained from a variety of sources. Thirty-seven other bacterial isolates, representing 33 different
species and including organisms likely to be encountered in the urogenital tract, were also tested with the three
probes. Twenty-eight of these isolates, including the genital pathogen Neisseria gonorrhoeae, showed no
hybridization with the probes. In addition, herpes simplex virus-infected tissue culture cells and Treponema
pallidum-infected rabbit testicular fluid were also completely nonreactive. Nine isolates, six belonging to other
Haemophilus species and three belonging to Pasteurella species, reacted weakly with the probes when
approximately 3.0 x 107 to 6.0 x 107 CFU was tested. When 105 to 106 CFU of these organisms was tested,
the weak reactions could no longer be seen. Yet this number of H. ducreyi still reacted strongly. In fact, the
three probes consistently detected 104 CFU of H. ducreyi in pure and mixed cultures and even produced a weak
signal when only 103 CFU was present. It is clear from our results that use of these probes will greatly facilitate
the laboratory diagnosis of this genital pathogen.

Chancroid is a human sexually transmitted disease caused
by Haemophilus ducreyi and characterized by painful genital
ulcers. The primary ulcer is often followed by multiple
lesions which result in ulcers of various ages that can extend
the duration of the illness to 1 to 3 months if appropriate
treatment is not given (37). More than 50% of the cases
progress to inguinal lymph node involvement usually mani-
fested by buboes (37). Without treatment, the bubo can
persist for many months. Infections with other pathogens
such as Treponema pallidum, herpes simplex virus type 2,
Chlamydia trachomatis (lymphogranuloma venereum), and
Calymmatobacterium granulomatis (granuloma inguinale)
can result in ulcerations clinically indistinguishable from
those caused by H. ducreyi. Thus, accurate diagnosis of the
etiologic agent is very important, since antimicrobial treat-
ment for these different sexually transmitted diseases must
be specific.
Open chancroidal lesions may enhance transmission of

human immunodeficiency virus. Recent studies in Africa
have established a significant association between history of
genital ulceration and human immunodeficiency virus sero-
positivity (24, 30, 35). Since chancroid has been reported to
be the most common cause of genital ulcers in Africa (12),
this disease has been correlated specifically with heterosex-
ual transmission of human immunodeficiency virus (35).
These studies, together with the clinical observation that
untreated ulcers can persist for months, highlight the impor-
tance of an accurate diagnosis which will lead to appropriate
therapy.
H. ducreyi is a fastidious, slow-growing gram-negative

bacillus. Colonies grown on solid media vary in size, perhaps
because of the peculiar cohesiveness of the organism, with
larger colonies arising from more than one cell. Moreover,
H. ducreyi remains tightly autoagglutinated when suspended
in liquid. This cohesiveness has ruled out identification of
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the organism by serological agglutination tests, and diffi-
culties in interpretation of fluorescent-antibody tests (due to
bacterial clumping) have also been reported with both poly-
clonal (14) and monoclonal antibodies (33).
To maintain viability of the bacteria, H. ducreyi must be

cultured within 4 to 6 h after removal from the patient. Even
when inoculated immediately, the organism does not grow
well on most laboratory media, and recovery rates from
clinical specimens have traditionally been poor. In 1978,
Hammond et al. (19) reported the development of a selective
enrichment agar. Use of this medium or adaptations of it (36)
have led to significantly higher recovery rates of H. ducreyi
in recent years. However, isolation rates of only 60 to 70%
are still the norm for patients with clinically diagnosed
chancroid (26).

During the past decade, outbreaks of chancroid have been
reported in both Canada and the United States (3, 4, 8, 9, 20,
21, 27). In New York City, outbreaks have been reported
yearly beginning in 1981 (10), and the number of cases has
been increasing each year since then. In 1987, over 62%
(3,116 of 4,998) of the chancroid cases reported in the United
States were from New York City (11).

In summary, the increasing incidence of chancroid is a
matter of serious concern, not only because of the problems
of chancroidal disease itself, but also because this disease
has been associated with heterosexual transmission of hu-
man immunodeficiency virus in Africa. Difficulties in clinical
and laboratory diagnoses can interfere with an accurate
identification of chancroid or its etiologic agent. In the
present report, we describe the development and testing of
DNA probes specific for H. ducreyi. This is the first pub-
lished report which describes the utilization ofDNA hybrid-
ization for the identification of this genital pathogen.

MATERIALS AND METHODS
Construction of an H. ducreyi genomic library in lambda

gtll. Chromosomal DNA was isolated from five different
strains of H. ducreyi (ATCC 27721, 27722, 33921, 33922, and
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type strain 33940) by the procedure of Brenner et al. (5). The
purity, concentrations, T,,7 values, and moles percent G+C
contents of the DNA samples were determined by spec-
trophotometry and thermal denaturation with a Gilford 2400
spectrophotometer and a 2527 Thermoprogrammer (CIBA-
Corning, Gilford Systems, Oberlin, Ohio).
DNA from ATCC 33922 was selected for library construc-

tion and was digested with the restriction endonuclease
EcoRI (Boehringer Mannheim Biochemicals, Indianapolis,
Ind.). The EcoRI fragments were fractionated on a Bio-Gel
A-50m column (Bio-Rad Laboratories, Richmond, Calif.), as
described by Huynh et al. (22). Fractions containing EcoRI
fragments of approximately 7 kilobases (kb) and smaller
were pooled and then ligated to dephosphorylated lambda
gtll EcoRI arms (Promega Biotec, Madison, Wis.). The
recombinant phage were packaged by using the Packagene in
vitro packaging system (Promega Biotec) and adsorbed to
Escherichia coli Y1090.

Screening of the H. ducreyi genomic library. Polyclonal
antisera against Formalin-killed H. ducreyi ATCC 33922
were produced during 6 months of biweekly injections in
rabbits. With fluorescent-antibody testing, the highest titer
obtained was 1:2,048. This high-titer antiserum was used for
library screening following absorption with an E. coli lysate.
Recombinant phage were screened for the production of H.
ducreyi-specific antigens by using the Express-Blot Assay
Kit (Bio-Rad Laboratories) according to the directions of the
manufacturer. Positive plaques were purified and then
retested in the Express-Blot assay before proceeding.

Subcloning H. ducreyi DNA inserts into a plasmid vector.
Purified plaques of antibody-reactive phage were grown on
agarose plates to near-confluent lysis, and the phage were
allowed to diffuse into an overlay of L broth. This phage
lysate was then used for DNA isolation as previously de-
scribed (34). The purified DNA was digested with EcoRI,
and the sizes of the H. ducreyi inserts were determined by
agarose gel electrophoresis. DNA was transferred from the
gels to nitrocellulose and hybridized with 32P-labeled H.
ducreyi ATCC 33922 chromosomal DNA at 60 to 65°C as
described by Maniatis et al. (25). Filters were washed under
stringent conditions (0.1x SSC [1 x SSC is 0.15 M NaCl plus
0.015 M sodium citrate] and 0.1% sodium dodecyl sulfate at
65 to 70°C), and bound probe was then visualized by
autoradiography. Three EcoRI fragments which hybridized
with the probe were subcloned into dephosphorylated
EcoRI-digested pUC13 and transferred to E. coli JM107 by
transformation. Large-scale plasmid preparations were
made from E. coli clones containing recombinant plasmids.
The plasmids were then subjected to two successive purifi-
cations by ultracentrifugation on CsCl gradients.

Testing bacterial suspensions and purified DNA with the
probes. The bacteria used for the hybridization tests are
listed in Table 1. H. ducreyi isolates were grown on Casman
agar with 5% rabbit blood or on Mueller-Hinton agar with
5% chocolatized horse blood, 5% fetal bovine serum, 1%
IsoVitaleX, and 3 ,ug of vancomycin per ml (19, 36). H.
ducreyi has a strong tendency to autoagglutinate. Therefore,
when it was necessary to determine the number of CFU
present, bacterial suspensions were grown for 24 to 48 h in
hemin broth (1), and large clumps were allowed to settle out
before use. Despite these precautions, some CFU may still
have originated from more than one cell. This procedure was
selected because, in our laboratory, sonication or excessive
vortexing of the suspensions resulted in loss of viability of
H. ducreyi.
For testing with the probes, bacterial suspensions were

blotted onto nitrocellulose in the Minifold Il Slot-Blotter
(Schleicher & Schuell, Keene, N.H.) by using a previously
described procedure (13). In some instances, the bacterial
colonies were transferred directly to nitrocellulose from the
agar plates. The bacteria which adhered to the filters during
either procedure were lysed and the DNA was denatured as
described by Maniatis et al. (25). Other samples, which
included purified DNA obtained from the five ATCC strains
of H. ducreyi, herpes simplex virus type 2-infected human
embryonic lung cells, and Treponema pallidum-infected
rabbit testicular fluid, were also applied to nitrocellulose,
and the DNA was denatured as described above for bacterial
suspensions.

Either whole plasmids containing the H. ducreyi DNA
inserts or the inserts alone, which had been removed from
the pUC13 plasmid vector by digestion with EcoRI and then
recovered from an agarose gel by using the Gene Clean
procedure (Bio 101, Inc., La Jolla, Calif.), were used as
probes after being labeled with 32p. Hybridization, washing,
and autoradiography were performed as described above.

Lesion material from rabbits. The shaved backs of rabbits
were injected intradermally with 107 CFU of H. ducreyi. The
injection procedure was performed and lesion development
was interpreted as previously described (15, 16, 18, 28). At 4
to S days following the injections, samples of exudate were
removed from raised lesions and suspended in saline. A
portion of each suspension was plated on Casman rabbit
blood agar to recover viable organisms and applied to
nitrocellulose membranes by using the slot-blot apparatus
for testing with the probes.

RESULTS

H. ducreyi probes. Three DNA inserts coding for proteins
which were recognized by the H. ducreyi antiserum were
selected for subcloning into a pUC13 plasmid vector (2.7
kb). Either the whole recombinant plasmids (pLP1, 1.5-kb
insert; pLP4, 5.4-kb insert; and pLP8, 5.7-kb insert) or the
gel-purified inserts were used as H. ducreyi-specific probes
(Table 1 and 2; Fig. 1 and 2). Because fragment 8, the
gel-purified insert from pLP8, did not hybridize to the
gel-purified vector from pLP8 (pUC13), and vice versa, the
inserts were considered free of residual vector DNA.

Specificity and sensitivity of the probes. Table 1 lists the
organisms tested and the results obtained using the three
probes. All strains of H. ducreyi reacted strongly with the
probes (Fig. 1), as did the purified DNA from all five ATCC
strains. Nine recent isolates of H. ducreyi cultured from
patients in 1988 by the New York City Department of Health
were tested in the slot-blot apparatus and also by blotting
colonies directly from plates onto nitrocellulose. All were
found to be positive in pure and mixed cultures (Table 1; Fig.
2). The other significant genital pathogens, Neisseria gonor-
rhoeae, herpes simplex virus type 2, and T. pallidum, were
all completely nonreactive with the probes.
Weak cross-reactivity was seen with the other Haemoph-

ilus species and with three of the four Pasteurella species
when 3.0 x 107 to 6 x 107 CFU was tested. Figure 1
illustrates the intensity of the homologous reactions versus
the heterologous reactions. When suspensions of the cross-
reacting organisms were diluted and probed, the weak
reactions were no longer seen with 105 to 106 CFU or less,
while this same number of H. ducreyi still reacted strongly.
The three probes consistently detected 104 CFU of H.

ducreyi in pure or mixed culture and produced a weak signal
when 103 CFU was present (Table 2).
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TABLE 1. Use of pLP1, pLP4, and pLP8 as specific
probes for H. ducreyi

Results with probe":
Bacterial suspension

pLP1 pLP4 pLP8

Haemophilus ducreyiib
ATCC 27721
ATCC 27722
ATCC 33921
ATCC 33922
ATCC 33940
CDC 542
CDC 844
Nine clinical isolates from
New York City, 1988

Other organisms"
Acinetobacter calcoaceticus

subsp. lwoffii B277
Actinobacillus actinomyce-

temcomitans B1083
Actinomyces species strain

B1228
Alcaligenes faecalis B38-78
Bacteroides fragilis ATCC

25285
Clostridium perfringens
ATCC 13124

Corynebacterium diphthe-
riae C5703

Escherichia coli ATCC
25922

Gardnerella vaginalis
ATCC 14018

G. vaginalis B1905
(atypical)

Haemophilus haemoglobin-
ophilus B1701

H. influenzae, type A
H. influenza, type B
H. influenza, nontypeable,

biotype III

H. influenza, nontypeable,
biotype V

H. parainfluenzae B1134
Lactobacillus acidophilus
ATCC 4962

Moraxella osloensis B1596
Neisseria gonorrhoeae 116
N. lactamica B2159
N. meningitidis W135
Pasteurella haemolytica
M6169

P. gallinarum B697
P. multocida B1221-76
P. pneumotropica M5354
Peptostreptococcus anaero-

bius A943
Proteus mirabilis
Pseudomonas aeruginosa
ATCC 27853

Staphylococcus aureus

ATCC 25923
Staphylococcus coagulase-

negative strain B778
Streptococcus agalactiae
B2545

S. bovis B1450
S. faecalis ATCC 29212
S. mutans B1254
S. sanguis Il B1508

++++ ++++

++++ ++++

++++

TABLE 1-Continued

Results with probe':
Bacterial suspension

pLP1 pLP4 pLP8

Yersinia enterocolitica ND ND
ATCC 9610

Y. rohdei CDC 3022 ND ND

Other samples
DNA from all five H. ++++ ++++ ++++

ducreyi ATCC strains
Herpes simplex virus type ND ND

2-infected cells
Treponema pallidum in ND ND

rabbit testicular fluid

" The intensities of the bands (following 24 to 48 h of exposure to X-ray film)
were compared and degrees of intensity were determined visually. Positive
reactions ranging from 3+ to 4+ and weak reactions (very slight shadows.

NDDND Fig. -, hybridization; ND,
~~~~~~notdetermined.
"Approximately 1.6 x 106 CFU per well.

- - ' Two of the nine clinical isolates from New York City were tested.
"Approximately 3 x 107 to 6 x 107 CFU per well. These isolates were

- - obtained from the lyophilized collection of the Laboratories for Bacteriology,
New York State Department of Health.

Probing lesion material from rabbits. Four strains of H.
ducreyi (ATCC 33922; ATCC 33940; CDC 542; and a recent
clinical isolate from New York City, ME 38) were used to

- - inject rabbits intradermally. All four strains produced ne-

crotic lesions. Within 2.5 to 3 weeks, the lesions had healed.
- - From the exudates obtained from the lesions 4 to 5 days

following injection of 107 organisms, only CDC 542 could be
recovered by culture. However, by using fragment 8 as a

ND ND Weak probe, H. ducreyi DNA could be detected as a weak to 1+
signal in exudate from lesions produced by all four strains.

Weak Weak Weak The hybridization with the H. ducreyi probe was specific,
Weak
ND

ND

Weak

Weak
ND

ND

Weak

Weak
Weak

Weak

Weak

ND ND

ND
ND
ND

ND
ND
ND

Weak
Weak
Weak

Continued

TABLE 2. Sensitivity of probes specific for H. dutcreyi

No. of CFU of Results with probe":
H. dicrevi/well pLP8 Fragment 1, 4, or 8

Pure cultures'
4.9 x 106 4+ ND
4.9 x 105 3+ ND
4.9 x 104 1-2+ ND
4.9 x 103 Weak ND

1.4 x 107 ND 2-3+
1.4 x 106 ND 2-3+
1.4 x 105 ND 1-2+
1.4 x 104 ND Weak-1+
1.4 x 103 ND Negative

Mixed cultures"
4.7 x 106 ND 3+
4.7 x 105 ND 2+
4.7 x 104 ND Weak-1+
4.7 x 103 ND Negative-weak
4.7 x 102 ND Negative-weak

" The intensities of the bands (following 24 to 48 h of exposure to X-ray film)
were compared and degrees of intensity were determined visually. ND, Not
determined.
"ATCC 33922 was used.
'Similar results from two experiments were combined. In the first experi-

ment, the mixed culture consisted of 74% H. ducreyi ATCC 33922, 21% H.
influenzae B. and 5% E. coli; the second mixture consisted of 96% H. ducreyi.
4% Proteus mirabilis, and 0.1% Staphylococcus epidermidis.
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2

Hi

Ec

Hd 33940
Hd 33922

3

FIG. 1. Specificity of fragment 8 (5.7 kb) as a probe. The CFU

per well for H. influenza (Hi) and E. coli (Ec) were 107

1), 6.0 x 107 (lane 2), and 1.2 x 108(lane 3). The

H. ducreyi (Hd) were 3.2 x 105 (lane 1), 1.6 x 106

106 (lane 3).

since purified pUC13 used as a probe did

nonspecifically to the rabbit lesion samples.

DISCUSSION

In analyzing DNA from the H. ducreyi ATCC

in this study, we obtained T,,1 values (85.1 to 85.6°C)

G+C content values (37.9 to 39.0 mol%) which

those previously reported. Kilian (23) had determined

average G+C content for two strains of H. ducreyi

mol%, and Piechulla et al. (29) hadfound average T,,,

G+C content values of 85.1°C and 37.8 mol%,

for two H. ducreyi ATCC strains.

The DNA probes we have constructed from ATCC

are relatively specific for H. ducreyi. They react

with the DNA from the other ATCC strains

H. ducreyi isolates tested. When 37 other bacterial isolates,

including organisms likely to be encountered in

ital tract, were tested with the probes, 28 were

negative and 9 (Haemophilus haemolyticius; H. influenzae,

types A and B; H. influenza, nontypeable, biotypesMII
V; Haemophilus parainfluenzae; Pasteurella gallinarum;

Pasteurella multocida; and Pasteurella pneumotropica)

acted weakly, even though a large number of organisms (107
CFU) was used. No reactions were seen with

isms when00 to 106 CFU was tested. In contrast,

number of H. ducreyi still reacted strongly with

A B

FIG. 2. Colony hybridization with pLP8 as

colonies were transferred directly to nitrocellulose
plates either as a mixed culture of H. ducreyi and flora

genital ulcer (ME 45) (A) or as a pure culture ofH.

(B). Both strains were recovered from patients

1988.

In testing bacterial suspensions and purified DNA

probes, we have consistently seen strong positive

(Fig. 1 and 2) only with H. ducreyi. Moreover,

reactions have been seen with all strains of ducreyi

tested.
The presence of areas of homology between weakly

reactive organisms and H. ducreyi is not surprising,

antigenic cross-reactivity between H. ducreyi

Haemophilus species has been reported by others

and has been seen in fluorescent-antibody tests performed

our own laboratory (Dianna Schoonmaker, personal

nication). Also, the G+C contents of all members

genus Haemophilus are similar (23). (However, DNA-DNA

hybridization has shown that H. ducreyi is slightly

similar to all other Haemophilus species [0 to 6% related]

7], and quinones extracted from bacterial membranes

been found to differ significantly between H. ducreyi

other Haemophilius species [6].) Pasteurella species

also share small areas of DNA relatedness with

H. ducreyi sequences, since both Pasteurella and Haemoph-

dius species are members of the family Pasteurellaceae.

By using any one of the three DNA probes, able

to consistently detect104 CFU of H. ducreyi

mixed cultures. A weak signal was usually seen

only103 CFU was present. These results demonstrate

the sensitivity and specificity of the probes for

only this organism could be detected at these

The probes were also able to detect four different

of H. duc-reyi in rabbit lesion exudate, while

be recovered by culture. H. ducwreyi lesions do

in rabbits but instead become dry and indurated

fairly quickly (16). Investigators have reported

of H. duîcreyi from rabbit lesions only at 24,

postinfection (16, 18). These observations suggest

organisms do not survive long in this particular

tissue. In the present study, three of the four

obtained when the organisms were no longer

sufficient DNA was still presentso that detectable

ization could occur.

Nucleic-acid hybridization using radiolabeling

ously been reported to be sensitive enough to detect

ogous sequences in about 102 to 106 bacteria (17). Our

to detect H. dutcreyi is well within this range.

increased sensitivity may be necessary in order

low numbers of organisms which might be

original clinical specimen. The DNA probes which

developed are potentially useful for this purpose.

of a small amount of H. ducreyi DNA can be

amplification either of total DNA or of only

sequence homologous to the probe. The most

proach would involve amplification of the

growth of the organism. By this method,

organisms could be amplified to a detectable

doubling times. However, if the organisms were

viable, the polymerase chain reaction, with

and a thermostable DNA polymerase (31), could

Work is in progress in our laboratory to determine

for successful amplification of H. ducreyi DNA

specimens before testing with the probes.

In the meantime, the use of these specific DNA

laboratory diagnostic tests will ensure more

rate identification of H. ducreyi.
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