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We determined the susceptibilities of 94 strains of Haemophilus ducreyi isolated in various municipalities in
the United States between 1982 and 1989 to the following antimicrobial agents: amoxicillin-clavulanic acid,
ceftriaxone, erythromycin, azithromycin, ciprofloxacin, ofloxacin, trimethoprim, and spectinomycin. Ceftri-
axone (MIC, .0.008 ,g/ml), azithromycin (MIC, <0.125 ,Lg/ml), erythromycin (MIC, .0.125 ,ug/ml),
ciprofloxacin (MIC, <0.25 ,ug/ml), and ofloxacin (MIC, .0.25 ,ug/ml) were highly active against all isolates.
Amoxicillin-clavulanic acid (MICs, 0.25 to 8.0 ,ug/ml), trimethoprim (MICs, 0.06 to 16.0 ,ug/ml), and
spectinomycin (MICs, 2.0 to .32.0 jLg/ml) were less active against these isolates. Isolates possessing the
5.7-MDa 1-lactamase plasmid were less susceptible to erythromycin, trimethoprim, and spectinomycin than
were isolates possessing the 3.2-MDa I5-lactamase plasmid. The susceptibilities of plasmidless isolates to
erythromycin, trimethoprim, and spectinomycin were distributed bimodally; the median MIC for the more
susceptible plasmidless isolates corresponded to that for isolates with the 3.2-MDa plasmid, and the median
MIC for the less susceptible plasmidless isolates corresponded to that for isolates with the 5.7-MDa plasmid.
Thus, plasmid profiles may be valuable markers for geographical variations in antimicrobial susceptibilities of
H. ducreyi strains that may indicate the relative efficacy of regimens for the treatment of chancroid. Of the
regimens recommended by the U.S. Public Health Service for the treatment of chancroid, our results support
the use of erythromycin, ceftriaxone, and ciprofloxacin, and perhaps ofloxacin, but suggest that amoxicillin-
clavulanic acid and sulfamethoxazole-trimethoprim should be used with caution.

Chancroid, caused by Haemophilus ducreyi, is character-
ized by painful genital ulcers and tender inguinal lymph
nodes. Although chancroid has been common in developing
countries of the world, it is now diagnosed with increasing
frequency in industrialized countries, including the United
States and Canada (5, 14). In the United States, as a result of
increasingly frequent outbreaks of chancroid that began in
1981, the reported number of cases in the United States has
increased from 521 in 1978 to 4,215 in 1990 (6, 28).
The reported antimicrobial susceptibilities of isolates of

H. ducreyi vary in different countries (19, 30). The differ-
ences in antimicrobial susceptibilities among isolates may be
due either to intrinsic differences in the susceptibilities of
isolates from different geographic areas or to differences in
the procedures used to determine susceptibilities, as has
been noted previously for Neisseria gonorrhoeae (8, 23). In
the United States and Canada, antimicrobial susceptibilities
have usually been determined for isolates of H. ducreyi from
individual local outbreaks. Thus, it is possible that many
isolates of the same strain have been tested in contrast to
testing isolates of many different strains (15, 28).
To evaluate the in vitro susceptibilities of H. ducreyi to

agents of current and potential use for the treatment of
chancroid, we determined the susceptibilities of isolates of
H. ducreyi collected between 1982 and 1989 from 11 cities in
the United States to eight antimicrobial agents, and we
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correlated antimicrobial susceptibilities with the plasmid
contents of the isolates. We hypothesized that such a corre-
lation, if it existed, would allow us to use plasmid content as
a surveillance marker to predict the antimicrobial activity of
therapeutic agents.

MATERIALS AND METHODS

Strains. A total of 94 isolates of H. ducreyi were tested;
these isolates were collected between 1982 and 1989 in 11
cities in the United States (Table 1). In addition, the type
strain of H. ducreyi (HD-175; CIP 542) was tested as a
reference strain. The isolates were frozen at -70°C in brain
heart infusion broth with 10% glycerol.

Antimicrobial susceptibilities. The susceptibilities of iso-
lates to amoxicillin-clavulanic acid (2:1) (Beecham Labora-
tories, Briston, Tenn.), ceftriaxone (Hoffmann-LaRoche,
Nutley, N.J.), erythromycin (Eli Lilly, Indianapolis, Ind.),
azithromycin (Pfizer, Inc., Groton, Conn.), ciprofloxacin
(Miles Laboratories, West Haven, Conn.), ofloxacin (Ortho
Pharmaceutical Corp., Raritan, N.J.), trimethoprim (Hoff-
mann-LaRoche), and spectinomycin (Upjohn, Kalamazoo,
Mich.) were determined by a modification of the procedure
described by Hammond et al. (13). The isolates were grown
on gonococcal medium base (Difco Laboratories, Detroit,
Mich.) supplemented with 1% hemoglobin (Difco), 1% Iso-
VitaleX (Becton Dickinson), and 5% fetal bovine serum
(Hazleton Laboratories, Lenexa, Kans.) at 33°C in a humid
atmosphere supplemented with 5% CO2. Growth from 48-h
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TABLE 1. Geographic sources and plasmid contents of 94
isolates of H. ducreyi for which antimicrobial susceptibilities

were determined

No. of isolates with

origin Year(s) of No. of plasmidGeographic origin isolation isolates 3 2 5.7
None 32 57

MDa MDa

Tampa, Fla. 1987-1989 51 20 31
Long Beach-Los 1987 21 5 7 9

Angeles, Calif.
New Orleans, La. 1989 10 1 9
Nashville, Tenn. 1989 3 3
Orange County, Calif. 1982 2 1 1
Atlanta, Ga. 1982, 1989 2 2
Houston, Tex. 1989 2 2
Jacksonville, Fla. 1989 1 1
San Francisco, Calif. 1989 1 1
West Palm Beach, Fla. 1984 1 1

cultures was suspended in 4 ml of brain heart infusion broth,
vortexed, and allowed to sediment for at least 15 min. The
supernatants were separated, and their optical densities
were adjusted to that of a 0.5 McFarland barium sulfate
standard. The adjusted suspensions were inoculated with a
multipoint inoculator (Cathra Systems, MCT Medical, St.
Paul, Minn.) to supplemented gonococcal base medium
containing twofold serial dilutions of the antimicrobial
agents; the plates were incubated at 33°C in a humid atmo-
sphere containing 5% CO2. After 48 h, the MICs of the

agents for the isolates were recorded. The MIC of an
antibiotic for each isolate was recorded as the lowest con-
centration that inhibited its growth; any isolate exhibiting
three or fewer colonies or a faint haze caused by inoculum
was considered inhibited. The significance of the MICs was
determined by chi-square tests.

Plasmid profiles. The plasmid profiles of the isolates were
determined as described previously (22).

RESULTS

The susceptibilities of 94 isolates of H. ducreyi to amoxi-
cillin-clavulanic acid, ceftriaxone, erythromycin, azithromy-
cin, ciprofloxacin, ofloxacin, trimethoprim, and spectinomy-
cin were determined (Table 2). The MICs to which the
reference strain, HD-175, was susceptible were the follow-
ing: amoxicillin-clavulanic acid, 2.0 ,ug/ml; ceftriaxone,
.0.008 ,ug/ml; erythromycin, <0.008 ,ug/ml; azithromycin,
0.031 ,ug/ml; ciprofloxacin, .0.008 ,ug/ml; ofloxacin, 0.031
,g/ml; trimethoprim, 8.0 ,ug/ml, and spectinomycin, 32.0
,g/ml. Ceftriaxone, erythromycin, azithromycin, ciproflox-
acin, and ofloxacin exhibited high in vitro activity against all
isolates tested. Ceftriaxone was the most active of the
agents; all isolates were susceptible to <0.008 ,g of ceftri-
axone per ml. Azithromycin was more active than erythro-
mycin (P < 0.01), and ciprofloxacin was more active than
ofloxacin (P < 0.01).
When the isolates were considered as a group, their

susceptibilities to erythromycin, trimethoprim, and specti-
nomycin appeared to be distributed bimodally (Table 2).

TABLE 2. Correlation between susceptibilities to seven antimicrobial agents and P-lactamase plasmid contents of 94 isolates of
H. ducreyi from the United States

Agent and No. of isolates for which MIC (p.g/ml) was: MIC50 MICgoplasmid I/m) (i/)
contenta s0.008 0.016 0.031 0.062 0.125 0.25 0.5 1.0 2.0 4.0 8.0 16.0 32.0 (pgml) (pgml)

A/C
None 1 2 17 5 2 2.0 4.0
3.2 MDa 4 4 4.0 8.0
5.7 MDa 3 14 35 7 4.0 8.0

Ery
None 17 4 1 4 1 .0.008 0.062
3.2 MDa 8 .0.008 .0.008
5.7 MDa 9 6 40 4 .0.062 0.062

Az
None 20 5 1 1 .0.008 0.016
3.2 MDa 8 .0.008 .0.008
5.7 MDa 13 44 2 0.016 0.016

Cip
None 13 8 5 1 0.016 0.031
3.2 MDa 8 .0.008 s0.008
5.7 MDa 49 9 1 .0.008 0.016

Ofl
None 2 15 8 1 1 0.016 0.031
3.2 MDa 5 2 1 0.016 0.062
5.7 MDa 11 33 14 1 0.016 0.016

TMP
None 2 5 7 2 2 3 6 0.25 8.0
3.2 MDa 1 3 3 2 0.5 2.0
5.7 MDa 2 7 20 12 14 4 4.0 8.0

Spc
None 7 11 2 4 3 4.0 32.0
3.2 MDa 7 1 4.0 8.0
5.7 MDa 1 2 52 4 16.0 16.0

a All isolates were susceptible to <0.008 p.g of ceftriaxone per ml. Abbreviations: A/C, amoxicillin-clavulanic acid; Ery, erythromycin; Az, azithromycin; Cip,
ciprofloxacin; Ofi, ofloxacin; TMP, trimethoprim; Spc, spectinomycin.
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When analyzed by plasmid content, isolates possessing the
5.7-MDa,-lactamase plasmid were found to be less suscep-
tible to these agents than isolates possessing the 3.2-MDa
P-lactamase plasmid or no plasmid (P < 0.05 for each agent)
(Table 2). The susceptibilities of plasmidless isolates to
trimethoprim clearly exhibited a bimodal distribution; the
susceptibilities of these isolates to erythromycin and specti-
nomycin also appeared to be distributed bimodally. The
median MICs for the more susceptible plasmidless isolates
corresponded to those for isolates possessing the 3.2-MDa
plasmid, whereas the median MICs for the less susceptible
plasmidless isolates corresponded to those for isolates pos-
sessing the 5.7-MDa plasmid.
Because the association between possession of the 5.7-

MDa 3-lactamase plasmid and antimicrobial susceptibilities
could have been due to chance geographical differences in
the occurrence of "resistant" isolates that happened to have
the 5.7-MDa plasmid, we examined the association between
plasmid content and susceptibilities for isolates from two
geographically diverse locations. In outbreaks in Long
Beach and Los Angeles (1987) and Tampa (1988 to 1989),
isolates possessing the 5.7-MDa plasmid exhibited similar
susceptibilities to erythromycin, trimethoprim, and specti-
nomycin.

DISCUSSION

In this study, ceftriaxone, erythromycin, azithromycin,
ciprofloxacin, and ofloxacin were highly active in vitro
against all isolates tested. In contrast, amoxicillin-clavulanic
acid, spectinomycin, and trimethoprim were less active in
vitro against all isolates. The susceptibilities of the U.S.
isolates fell within the range of those in previous reports (1,
7, 10, 12, 16, 24, 27, 30, 31, 33). We observed, however, an
association between plasmid content and antimicrobial sus-
ceptibilities. Isolates with the 5.7-MDa P-lactamase plasmid
were less susceptible to erythromycin, spectinomycin, and
trimethoprim than were isolates that possessed the 3.2-MDa
,B-lactamase plasmid. The median MICs indicated by the
peaks identified in the bimodal distribution of susceptibilities
of isolates with no plasmids corresponded to the median
MICs for the isolates with 5.7- and 3.2-MDa P-lactamase
plasmids, respectively.
During the past decade, plasmid-mediated resistance to

tetracyclines, sulfonamides, and penicillins has been de-
scribed worldwide among H. ducreyi strains. Three ,-lacta-
mase plasmids, with molecular sizes of 3.2, 5.7, and 7.0
MDa, have been described in H. ducreyi. The 7.0- and
5.7-MDa plasmids differ only in the presence of a 1.3-MDa
insertion sequence in the former (4, 21). The 3.2-MDa
plasmid of H. ducreyi is identical to the gonococcal 3.2-MDa
,-lactamase plasmid (2) and is distinguished from the 5.7-
MDa plasmid by lacking part of the TnA sequence (32). The
5.7-MDa ,B-lactamase plasmid in H. ducreyi differs from the
gonococcal 4.7-MDa 1-lactamase plasmid by possessing the
entire TnA sequence.
There are no reports showing that the ,-lactamase plas-

mids of H. ducreyi or N. gonorrhoeae confer resistance to
antimicrobial agents other than P-lactam antibiotics. It is
fascinating, however, to observe an association between the
presence of the 5.7-MDa ,3-lactamase plasmid and decreased
susceptibility to unrelated antimicrobial agents similar to the
correlation between the presence of the 4.4-MDa P-lacta-
mase plasmid and chromosomal antimicrobial resistance
observed in N. gonorrhoeae (34). Isolates ofN. gonorrhoeae
that possess the 4.4-MDa P-lactamase plasmid, usually con-

sidered to have originated in the Far East, are frequently
resistant to tetracycline, erythromycin, and expanded-spec-
trum cephalosporins and exhibit decreased susceptibility to
broad-spectrum cephalosporins such as ceftriaxone. In con-
trast, penicillin-producing N. gonorrhoeae strains that pos-
sess the 3.2-MDa 3-lactamase plasmid, which originated in
Africa, are susceptible to these agents (34). The resistances
of the gonococcus to non-1-lactam antimicrobial agents are
due to chromosomal mutations (9) and are, thus, intrinsic
characteristics of gonococcal isolates. For example, gono-
coccal isolates from the Far East are more resistant to
antimicrobial agents than those from other geographic areas
(18). There may be similar correlations between antimicro-
bial resistance and geographic origin of H. ducreyi strains.

Geographic variations among MICs of agents for H.
ducreyi isolates have been described: for example, the
susceptibilities of H. ducreyi isolates to trimethoprim (1, 7,
9, 11, 23, 27, 29, 31). Such differences might be due to the
various distribution of isolates with different plasmid con-
tents. Although the isolates tested in our study required a
wide range of MICs to trimethoprim, those possessing the
5.7-MDa 3-lactamase plasmid required a higher MIC (MIC
for 50% of isolates [MlC50] = 4.0 ,ug of trimethoprim per ml)
than isolates with either the 3.2-MDa plasmid or no plasmids
(MIC50 = 0.25 and 0.5 ,ug/ml, respectively). Decreased
susceptibilities to trimethoprim have been reported for ,B-lac-
tamase-producing strains in South Africa and the Nether-
lands (1, 29). MICs of .2.0 ,ug trimethoprim per ml were
recently reported in 92% of 38 South African isolates pos-
sessing either the 5.7- or the 7.0-MDa 1-lactamase plasmid
(1). In the United States, isolates with the 5.7-MDa plasmid
were first reported in 1981 (15), and isolates with a pattern of
decreased susceptibility to trimethoprim have been observed
since 1982 (26). This recent increase in MICs of trimetho-
prim may reflect the predominance of isolates with the
5.7-MDa plasmid in the United States during the 1980s (25).

Similarly, variations in susceptibilities of isolates to spec-
tinomycin have also been observed in different geographic
areas (1, 7, 30). Since isolates with the 5.7-MDa P-lactamase
plasmid were less susceptible to spectinomycin than those
with the 3.2-MDa plasmid or those with no plasmids, it is
possible that the geographic variation in spectinomycin
susceptibilities might be accounted for by the prevalence of
isolates with the 5.7-MDa plasmid.
Although the susceptibilities of H. ducreyi isolates in our

study were usually similar to those previously reported,
some variations in the range of susceptibilities were noted.
These variations could be explained by either the procedures
used to measure susceptibilities or the distribution of isolates
with truly different antimicrobial susceptibilities. Since we
have demonstrated differences in susceptibility patterns that
correlate with plasmid content, such as those described
above, it is reasonable to speculate that the distribution of
isolates with different plasmid profiles may account for some
of the variations noted in previous studies. Further studies
that compare the procedures for determining susceptibilities
and that correlate susceptibility patterns with plasmid pro-
files will be required to elucidate definitively the basis for
geographic differences in antimicrobial susceptibility pat-
terns among H. ducreyi isolates.

In the United States, several regimens are currently rec-
ommended for treating chancroid. The primary recommen-
dations are either erythromycin base (500 mg orally four
times a day for 7 days) or ceftriaxone (250 mg intramuscu-
larly in a single dose). Alternative regimens are trimetho-
prim-sulfamethoxazole (160/180 mg [one double-strength
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tablet] orally two times a day for 7 days), amoxicillin (500
mg) plus clavulanic acid (125 mg, orally three times a day for
7 days), and ciprofloxacin (500 mg, orally two times a day for
3 days).
Our results indicate that erythromycin and ceftriaxone are

very active in vitro against all isolates tested and support the
use of these agents for the treatment of chancroid in the
United States. Among the alternative regimens for which we
determined in vitro susceptibilities, ciprofloxacin (and per-
haps ofloxacin) would appear to be the most effective
regimens because all isolates were highly susceptible to
these agents. Although no criteria for the interpretation of
antimicrobial susceptibilities of H. ducreyi have been estab-
lished, these isolates would be considered resistant to amox-
icillin-clavulanic acid, if resistance is interpreted by the same
criteria used to interpret penicillin G susceptibility results for
isolates of N. gonorrhoeae (resistance = MIC of 22.0 ,ug/ml)
(17); thus, we recommend caution in the use of amoxicillin-
clavulanic acid for the treatment of chancroid in the United
States until in vivo trials are performed to evaluate the
clinical efficacy of this regimen.

In contrast to amoxicillin-clavulanic acid, both in vitro and
in vivo susceptibility data are available for ciprofloxacin and
other quinolones (27). The greater in vitro activity of cipro-
floxacin suggests it may be more clinically effective than
other quinolones (28). Indeed, single-dose therapy with
ciprofloxacin has been quite successful in Kenya and Thai-
land, whereas clinical trials in Kenya with fleroxacin, enox-
acin, and rosoxacin suggest the need for multiple doses of
these agents (20). Because human immunodeficiency virus
infection, increasingly common in Kenya, apparently has an
effect on treatment response among individuals infected with
H. ducreyi, it is difficult to compare the results of treatment
efficacy studies conducted at different times (28).
The susceptibilities of H. ducreyi isolates to sulfamethox-

azole-trimethoprim (19:1) are similar to the susceptibilities to
trimethoprim alone (3, 7). The range of susceptibilities of our
isolates to trimethoprim suggest that caution should also be
exercised in treating individuals with chancroid in the United
States with sulfamethoxazole-trimethoprim, particularly in
view of the decreased effectiveness of this regimen for
treating chancroid in Thailand and perhaps Kenya (10, 31).

Azithromycin, a tissue-active macrolide of erythromycin,
has previously been shown to be as active against H. ducreyi
as erythromycin (16); our data show it to be more active.
Although isolates possessing a 5.7-MDa P-lactamase plasmid
were less susceptible to erythromycin and azithomycin
(though remaining well within the therapeutically effective
range), clinical studies comparing the efficacy of azithromy-
cin with that of erythromycin are warranted, particularly to
evaluate their efficacy against strains possessing the 5.7-
MDa plasmid.

Monitoring the antimicrobial susceptibilities of H. ducreyi
strains with various plasmid profiles and from various geo-
graphical areas is warranted. Plasmid profiles may be valu-
able markers for geographical variations in antimicrobial
susceptibilities of H. ducreyi strains that may indicate the
relative efficacy of regimens for the treatment of chancroid.
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